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GLOSSARY

The definitions and notations in this MTP are listed alphabeti-
cally. The Greek symbols used are listed below along with their names. The
definition of each Greek symbol is then found alphabetically by name.

a - alpha
- beta

x - chi
A - delta (capital)
6 - delta
E - epsilon
y - gamma
X - lambda
W - mu

w - omega
IT - pi

o - rho
Z - sigma (capital)
o - sigma
r - tau

Absolute value symbols; the enclosed term becomes positive

regardless of the original sign.

AR - Maintenance action rate; number of actions per hour.

a - Small Greek letter alpha used to denote the level of significance
or the risk of Type I error. (Confidence level - 1-a.)

A S- Lower boundary for the one-sided unbiased Type A test.

Ala - Upper boundary for the one-sided unbiased Type A test.

A - Achieved availability.a

Ai - Inherent availability.

A - Operational availability.

AMT - Active maintenance time.

AP - Aiming point; target.

3 - Small Greek letter beta used to denote the risk of a Type II error.

BL - Lower boundary for the two-sided unbiased Type A test.

BU - Upper boundary for the two-sided unbiased Type A test.

x2 - The square of the small Greek letter chi used to denote the
chi-square distribution.

CPE - Circular probable error; the radius of a circle, centered at the
mean, in which 50% of the population lies.

CV - Critical value to which a test result is compared in order to make
a decision.

CN - Critical number to which tihe raLio of successive difference method to
standard deviation method 'or computation of parable error is compared
to decide whether a trend existed or not.

vii



MTP 3-1-005
1 March 1972

d.f. - Degree of freedom to which subscripts may be added as necessary;
e.g., d.f., or d.f. 2 ; a numerical value dependent upon sample
size and the number of estimated parameters.

A - Capital Greek letter delta used to denote the deviation of each
reading from the mean.

AA - Capital Greek letter delta used to denote the deviation of each
reading from the mean for a Type A item.

AB - Capital Greek letter delta used to denote the deviation of each
reading from the mean for a Type B item.

- Small Greek letter delta used as a subscript to denote the
successive differences method for computing PE and standard
deviation.

D - Amount of doubt; a defined area which requires continued testing
to insure that borderline equipment is adequately tested.

d - The distance between a data point and the mean of all data
points.

e.d.f. - Effective number of degrees of freedom.

- Small Greek letter epsilon used to denote an amount of error
either to help determine a realistic sample size or to determine
how close a population value is to a sample value at a desire'
confidence level.

e-x - Exponential reliability; e = 2.71828.

F - The F distribution; the ratio of two variances, each generated
from two samples which have normal distributions.

f - Total number of failures.

f - Failure rate; number of failures per hour.
r

frt - Failure rate; number of failures per hour where continuee
testing is necessary.

f - Total number of system failures.
s

y - Small Greek letter gamma used to denote the ratio of the sample
standard deviation divided by the required standard deviation.

K - The number of products tested.

S- Small GreeK letter lambda used to denote the population
proportion.

0 - Small Greek letter lambda with subscript zero used to denote the
required proportion found in the Requirements Document or from
a comparable item.

In - Natural logarithm.

LCL - Lower confidence limit.
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M Maintainability; the probability that an item will be retained in or
restored to a specified condition within a period of time, when the
maintenance is performed in accordance with prescribed procedures
and resources.

MA - Total number of maintenance actions.

MR - Maintenance ratio; amount of active maintenance time per hour.

M1  - Mean time between failures (lower confidence limit).
NOTE: The parameter may be rounds or miles instead of time.

M2 - Mean time between failures (upper confidence limit).

MDT - Mean downtime.

H - Mean active maintenance time; total maintenance time divided by
the number of maintenance actions.

MPI - The mean point of impact; the mean horizontal coordinates for
ground bursts.

MTBF - Mean time between failures.

MTBFt - Mean time between failures where continued testing is necessary.

MTBM - Mean time between maintenance.

MTTR - Mean time to repair.

m - Miss distance; the distance between the aiming point and MPI.

MP - Mission (operational) profile, generally found in the Requirements
Document.

- Small Greek letter mu used to denote the popuilation mean.

LI - Small Greek letter mu used to denote the population mean for a

Type A item.

uB - Small Greek letter mu used to denote the popvlation mean for
a Type B item.

Wo - Small Greek letter mu with subscript zero used to denote the
required mean found in the Requirements Document or from a
comparable item.

N - Number of samples; sample size.

NA - Number of samples for a Type A item.

NB - Number of samples for a Type B item.

Nt - Sample size required to test the criteria; computed before testing
starts.

Nmin - Used when computing combined system reliability; the 3ample size
for that individual component of a system which is testec fewer
times than the other components.

OC - Operating-characteristic curve used to determine required sample
size for testing given criteria.
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w - Small Greek letter omega used to denote allowable maintenance action
time as prescribed in the Requirements Document.

- Capital Greek letter pi used to represent the product of items; e.g.,

N
P -(xI)(x2) (XN) i *

p - The probability of an event occurring. (It cannot be less than
zero or greater than one.)

PE - Prob.ble error to which necessary subscripts are added to denote
types of PE; e.g., PER (range probable error), PED (deflection pro-
bable error), or PE (height of burst probable error); a deviation

from w such that 50% of the observations may be expected to lie
between P-PE and w+PE.

PEA - Probable error for a Type A item to which necessary subscripts
are used to denote types of PEA; e.g., PE • (range probable error

for a Type A item), PEA (deflection probagle error for a Type A

item), or PE (height of burst probable error for a Type A item).

PEB - Probable ertor for a Type B item to which necessary subscripts
are added to denote types of PEB; e.g., PEBR, PEB , or PEBHP

P - Sample Proportion; the ratio of the items possessing a given char-
acteristlc dlvi~eA ý. the samnle size.

PA - Sample Proportion for a Type A item.

P B - Sample Proportion for a Type B item.

F - The required maximum proportion of defectivvi; P equals X , if
0o X is in terms of defectives or P equals the quantity (l-o), tf

o 0
A is in terms of successes.

0
PU - Upper limit for the proportion of defectives; the difference

between P and the amount of doubt (Pu F P - D).

FOB - The mean point of burst; the mean coordinates for air bursts.

q - The ratio of the range of the observations to the standard de-
viation; the studentized range (q) distribution.

R - Reliability; the extent to which a test yields the same results
on repeated trials.

0 - Small Greek letter rho used to denote the population reliability.

O° - Small Greek letter rho with subscript zero used to denote the re-
quired reliability prescribed in the Requirements Document.

RU, - Upper limit for the reliability; the sum of p and the amount of
doubt (RU 0 + D).
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R PE - Point estimate reliability; the number of successes divided by the

sample size; achieved reliability.

RR - Repair rate.

RT - Repair time which is the result of a failure.

- Capital Greek letter sigma used to denote the sum of items; e.g.,

N
Z X, W ... xN

ini

a - Small Greek letter sigma used to denote the population standard
deviation.

SA - Small Greek letter sigma used to denote the population standard
deviation for a Type A item.

aB - Small Greek letter sigma used to denote the population standard
deviation for a Type B item.

a E Small Greek letter sigma used to denote the population standard
deviation for eastings.

Y -N Small Greek letter sigma used to denote the population standard
deviation for northings.

ad - Small Greek letter sigma used to denote the population standard
deviation or the differences between paired readings for a Type
A item and a Type B item.

a - Small Greek letter sigma with subscript zero used to denote the
0 required standard deviation prescribed in the Requirements

Document.

- Sample Standard deviation of the sample; a measure of deviation
from the mean.

s -A Sample standard deviation for a Type A item.

s B - Sample standard deviation for a Type B item.

s• - Sample standard deviation computed by the successive differences
method.

s E - Sample standard deviation for eastings.

sN - Sample standard deviation for northings.

s -d Sample standard deviation of the differences between paired readings
for a Type A item and a Type B item.

s - Sample standard deviation of combined items when individual
P population standard deviations are unknown but assumed equal.

S 2  - Sample variance; standard deviation squared.

si2 - Sample variance with the suspected outlier deleted.
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2S16 - Sample variance with the suspected outlier deleted, computed by the
successive differences method.

s2 - Average variance of K number of products.

Sc - Total number of successes.

t - The vrriable of the Student t distribution.

I - Small Greek letter tau used to denote the population probable
error.

T - Small Greek letter tau with subscript zero used to denote the re-
0 quired probable error prescribed in the Requirements Document.

TM - Total active maintenance manhours.

T - Total number of miles.
m

Tt - Total number of hours; total tire.

UCL - Upper confidence limit.

x - A variable which may be assigned values.

xA - A variable which may be assigned values relative to a Type A item.

xB - A variable which may be assigned values relative to a Type B item.

xd - The difference between two readings.

S- Sample mean or sample average.

XA Sample mean for a Type A item.

xB - Sample mear for a TypE B item.

Xd Sample mean for a particular set of differences.

Z - Standard units of measure on a normal curve with a mean of
zero and a standard deviation of one.

< - Less than; a < b is read, a is less than b.

- Less Lhan or equal to; a 1 b is read, a is less than or equal to b.

> - Greater than; a > b is read, a is greater than b.

- Greater than or equal to; a Ž b is read, a is greater than or
equal to b.

xii
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1 March 1972 Materiel Test Procedure 3-1-005
U.S. Army Field Artillery Board

U. S. ARMY TEST AND EVALUATION COMMAND
BACKGROUND DOCUMENT

FIELD ARTILLERY STATISTICS

1. PURPOSE

This Materiel Test Procedure (MTP) is a guide for the project
officer for planning the test and analyzing the test data.

2. SCOPE

a. This MTP encompasses all necessary aspects of statistical
procedures for service tests (ST). This MTP does not give the theoretical
background for the statistical tests. The scope includes:

(1) Concepts.
(2) Median.
(3) Mean.
(4) Standard deviation.
(5) Proportion.
(6) Accuracy and precision.
(7) Reliability.
(8) Maintenance evaluation.

b. The statistical procedures presented herein are applicable
to testing of Field Artillery materiel.

3. BACKGROUND

a. Statistics is an essential tool for evaluating results of
tests conducted on newly developed items and for measuring and evaluating
the degree of uncertainty associated with the test data. Statistical
analysis usually consists of generating a result pertinent to the test item
and then comparing that result to a stated requirement prescribed in the
Requirements Document. In the absence of stated requirements, the develop-
ment of statistical results will be of value in comparinbg he characteristics
of a new item to those of a standard item or in determining the characteristics
of a new item.

b. Population is the whole class about which conclusions are
to be drawn. However, population characteristics can rarely be determined
exactly because of the unavailability of all the items in the population,
the expense of examining every item of the population or even a large number
of items, or tihe destructive nature of the examination. Consequently,
population characteristics must be inferred from an examination of a part
of the population -- a randomly selected sample. The statistical approach
to examining and predicting the population characteristic will depend upon
the size of the randomly selected sample. As the sample size is increased,
there is greater confidence in the result being a true representation of

-1-
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the true population characteristic. The project officer will make every
effort to utilize the proper sample size.

4. CONCEPTS

4.1 POPULATION AND SAMPLE

A population is any finite or infinite collection of individual
things, objects, or events, which is determined by some property that dis-
tinguishes between things that do and things that do not belong. In contrast,
a sample is define as a portion of a population. The sample even though
a portion of the population plays an important role in predicting the charac-
teristics of the population. Due to the size of the population, the pro-
hibitive costs in testing the population, ond, in most cases, the destructive
nature of the tests; testing the entire population is impossible and im-
practical. However, a sample may be tested and the findings from that sample
used to predict characteristics of the population. A random sample; i.e.,
the sample is chosen such that every individual in the population has an
equal chance of being chosen, is the best type of sample to test. If separate
random samples are drawn, the two samples are independent; i.e., one does not
rely on the other. However, in many cases, a true random selection is not
feasible; e.g., the prototype. Testing agencies may be furnished only one
prototype. of an item to test. The results of the test will reflect only on
the prototype and not on the production items (population). In order to
obtain a random sample and to accurately forecast such characteristics as
reliability and availability for the population, random samples of pro-
duction line items must be subjected to the same tests as the prototype.

4.2 FAILURE

A failure is defined as the inability of an item to perform within
previously specified limits. Failures are classified as chargeable or non-
chargeable. Non-chargeable failures do not count against the test item.
Since a decision to accept or to reject an item can be altered if certain
failures are not counted, it is necessary to carefully decide whether a
failure is chargeable or non-chargeable. Of course, if failures are ignored,
the probability of accepting an unacceptable item is increased. Reference
12a defines chargeable ýad non-chargeable failures.

4.3 DISTRIBUTION

a. The description of measurements and observations by grouping
and classifying is an ersential part of statistics. The grouping of data
into classes is known as a frequency distribution (or simply a distribution)
and consists of essentially ch-osing the classes into which the data are to
be grouped, sorting or tallying the data into the appropriate classes, and
counting the number of items in each class. Choosing the classes into which
the data are to be grouped involves determining the class width, called a
class interval; the number of class intervals needed to contain all the data,
normally between six and 15; and the class intervals such that each measure-
ment is contained in one and only one interval. Equal class intervals should
be used whenever possible to aid in the ease of grouping and for quick and
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accurate reading of the data. As an example, Figure 1 has the data grouped
and classified. The distribution has seven equal class intervals, each class
interval contains 2500 meters, and each range measurement which is recorded
to the nearest meter is contained in one and only one class interval.

b. The graphical representation of a distribution is called a
histogram and is illustrated at Figure 1. A population distribution, which
consist of many small classes, can be pictured as a curve which is approximated
by the histogram. The curve is known as the probability density function or
the distribution function and always has an area of one. The probability that
a random observation will fall in any interval, a to b, is the area under the
curve from a to b.

c. A distribution generally is one of two types, continuous
or discrete. In the case of a continuous distribution, a random observation
may assume any value between and including the minimum and maximum values;
however, a discrete distribution allows an observation to assume only certain
values. For example, when firing ammunition, a range is obtained; this range
reading may be any reading between and including the minimum and maximum
ranges for the ammunition. An example of a discrete distribution is obtained
by making repeated tests on 8 different charges under similar conditions.
In each test, the charge fired may take on only one of the 8 values 1, 2, ... ,

8. Tiie binomial distribution is the most important discrete distribution
Field Artillery statistics uses (paragraph 4.15.3, page 17).

d. Although frequency distributions present data in a relatively
compact form, give a good overall picture, and contain information which is
adequate for many purposes, there are some limitations. For instance, the
maximum and minimum values are not disclosed; nor is the average value
(overall or by class) available.

4.4 MEASURES OF CENTRAL LOCATION

4.4.1 MEAN.

The sample mean, or average (X), of a number of sample readings
(N) is a description of the central location. The mean is determined by
summing the values of all of the sample readings and dividing by N. A
population mean (u) can be defined for the whole population. X is generally
a good estimate of w. Figure 2 illustrates the mean.

4.4.2 MEDIAN

a. The median is the midpoint of the readings when they are
arranged in ascending or descending order. The median is the middle reading
of an odd number of readings or is the average of the middle two readings of
an even number of readings. Thus, 1/2 of the readings are larger than the
median, and 1/2 of the readings are smaller than the median.

-3-



MTP 3-1-005
1 March 1972

DISTRIBUTION
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CENTRAL MEASURES OF LOCATION
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b. The population median and mean are equal for a normal distrl-
bution (paragraph 4.15.1, page 15) and the sample median may be used to esti-
mate the population mean; however, the median is not as good an estimate as the
sample mean. If the distribution is not normal, the population median and
mean may not be equal. Figure 2 illustrates the median.

4.4.3 MODE

a. The mode of a set of raw data is the value which occurs most
often; e.g., if the raw data is 10, 8, 12, 8, 9, 10, 8; then 8 occurs three
times; 10, two times; and 12 and 9, one time. Therefore, the mode is 8. A
mode of high concentration gives a rough but quick measure of central location
but is not unique; i.e., several readings may occur the same number of times.
Therefore, if more than one high point exists, the mode is not very useful.

b. The mode of a set of data that has been converted into a
frequency distribution is the midpoint of the interval which contains the
most readings; e.g., the interval from I to 5 has one sample; 6 to 10, two
samples; 11 to 15, six samples; 16 to 20, two samples; and 21 to 25, zero
samples. The mode is 13 (the interval from 11 to 15 which has six samples).
Figure 2 illustrates the ?.ode.

4.4.4 MIDRANGE

The midrange is the sum of the smallest and the largest readings
divided by two. This is a good measure of the central location for samples of
five or fewer, though it is not as good as the mean. Figure 2 illustrates the
midrange.

4.5 MEASURES OF DISPERSION

4.5.1 STANDART ) DEVIATION

a. The standard deviation (s) is a measure of dispersion from X.
The amount of variation of that dispersion depends on the distances of the
readingt from the mean. The difference between the mean and each reading (x-X)
represents the deviation from the mean (e) and suggests that the average of
the deviations might be used as a measure of the variation of the N readings.
Since these deviation values are positive and negative and a normal distri-
bution exists, the sum is zero as is the mean of the variation.

h. Since the size of the deviations and not the direction (sign)
of the deviation are of interest, the direction (sign) can be ignored. The
sum is then positive, and the result is the mean deviation (paragraph 4.5.3,
page 7). However, there exists another and better way of eliminating the
direction (sign) of the deviations and that is squaring the deviations. A
square cannot be negative. The average ot the sqt ired deviations is the
variance (s'). The square root of the variance is the standard deviation (s).
Originally s was computed Ln the following manner:
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(1) Square the difference between the mean and reading i.e.,
(x-X-) 2.

(2) Sum the squares; i.e., Z(x-:) 2 .
(3) Average the sum by dividing by N; i.e., Z(x-X) 2 .

N
(4) Find the square root of the average; i.e., 9 =S:(x-X) 2 .

(The square root is used to compensate for the fact
that the deviations were squared.)

c. In recent years there has been a tendency to divide by N-i
rather than by N. The reason for this is that if s 2 is used to estimate a
population variance (a2), the mean obtained is usually too small and biased
if N is the divisor. Therefore, N-I as a divisor yields a truer estimate
of the population variance. Since the population is the item of interest
rather than only a few samples, N-1 will be used throughout this MTP in
computing s2 or s; i.e.,

E (x-X); ...
S /N-1

(see paragraph 7.1, page 64, for computations). The population standard
deviation (o) is a measure of the extent to which a population characteristic
varies from one item to another.

NOTE: The standard deviation may also be computed by the
following formula:

N~x2 - (Zx) 2

s - w N(N-l)

4.5.2 RANGE

The range is the difference between the smallest and the largest
readings in the sample. The range multiplied by the appropriate factor from
Table B-l, page 2-1, approximates a for a small sample (N f 10) and a normal

distribution (paragraph 4.15.1, page 15).

4.5.3 MEAN DEVIATION

The mean deviation of a normal distribution is the mean of the
deviations from the mean or median of the N sample members. The deviations
fron. the mean (median) is the absolute value of the mean (median) subtracted
from the reading. The mean deviation multiplied by a factor from Table B-2,
page 2-2, approximates a for a small sample (N 1 10) and a normal distribution

(see paragraph 4.15.1, page 15).

4.5.4 PROBABLE ERROR (RANGE. DEFLECTION. AND HEIGHT OF BURST)

The probable error (PE) is a measure of deviation from W such
that 50% of the observations may be expected to lie between W-PE and W+PE.
However, certain conditions must exist for the PE to have any meaning. These
are independent (random) samples, normal distribution, and large sample size.
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PE may be expressed for various parameters, range (PER), deflection (PED),
and height of burst (PEH). For the population probable error (T), T = 8.6745c
and , - 1.4826 T . Since a sample is being examined as a represent ,tive of
the population, PE - 0.6745s and s - 1.4826PE. Firing tables and other data
concerning Field Artillery precision contain the appropriate PE's. When
testing for precision, end results are often expressed in terms other than PE.
This occurs in modern day testing because prototype samples are not random
representations of production line items, the normal distribution is not
appropriate in many cases, and small sample sizes bias the PE. The more
modern standard deviation is in wider use as a measure of dispersion than
is the probable error because s is coummonly computed for statistical
analysis. Due to the freedom to use small or large sample sizes, the wider
applications of the standard deviation, and the ease of calculation, statistical
tests involving standard deviation comparisons are more widely used than
those involving PE comparisons.

4.5.5 CIRCULA.R PROBABLE ERROR

The circular probable error (CPE or CEP) is a measure of
deviation from u and defines the radius of the circle which is centered at the
mean and in which 50% of the observations are contained. CPE - 1.1774 times
the population standard deviation for the easting (oE) when aE equ3ls the
population standard deviation for the northing (oN). When aE G 0 N, the CPE
is called tfie equivalent CPE and equals .5887 (OE+00). In terms of a sample,
the equivalent CPE - .5887 (sE+sN). However, as for the PE, certain conditions
must exist for the CPE to have any meaning; these are independent (random
samples, a bivariate normal distribution, and a large sample size. Firing
tables and other data concerning Field Artillery precision may contain the
CPE. When testing for precision end results are often expressed in terms
other than CrE. This occurs in modern day testing because prototype samples
are not random representations of production line items, the bivariate
normal distribution is not appropriate, and small sample sizes bias the CPE.
The bivariate normal distribution is a representation of the measure of
dispersion for two variables (see paragraph 4.15.2, page 15 and paragraph
9.2.4, page 118).

4.6 RELIABILITY

a. Reliability is the probability of an item functioning
adequately for the period of time intended under the operating conditions
encountered. Along with the numerical value oZ the reliability, a fraction
or a percent value, the following are necessary:

(1) Define precisely a success or satisfactory performance.
(2) Specify the time base or operating cycles over which

such performance is to be sustained; e.g., hours,
miles, or rounds. This factor is particularly important
since the probability value is based on completing a
mission or task. For example, if the probability of a
test item operating for 50 hours is 0.65 or 65%, then
on the average 65 times out of 100 trials the test
item would be functioning after a 90-hour operating period.
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(3) Specify the environment or use conditions which will
prevail. Typicai of these conditions are temperature,
humidity, shock, and vibration. Without these various
conditions the reliability definition would be relatively
meaningless.

b. Due to the various types of test items and the various
distributions which apply, reliability may be evaluated by several methods
(see paragraph 10, page 118).

4.7 TEST OF A STATISTICAL HYPOTHESIS

The investigator's objectIve can often be translated into an
hypothesis (assumption or claim) conceruing the test item. This hypothesis,
called the null hypothesis, usually states that the test item does not meet
the stated requirements. This explains why it is called the null (not)
hypothesis. A decision is made to accept or reject the null hypothesis
using the test data from the sample. Failure to reject the null hypothesis
does not necessarily mean that the hypothesis is true but merely indicates
that the sample is compatible with the kind of population described in the
null hypothesis. The same is true if the null hypothesis is rejected; the
fact is merely recognized that the sample is not compatible with the kind
of population described in the null hypothesis. Associated with the null
hypothesis are two types of errors (paragraph 4.8, page 10), and a signi-
ficance level (paragraph 4.9, page 10). In general, to test a null hypothesis
and construct statistical decision criteria, the following outline is used:

a. Formulate the null hypothesis so that it states that the
test item does not meet the stated requirements. The null hypothesis is a
numeric expression; e.g., X > 25.

b. Formulate an alternative hypothesis so that the rejection
of the null hypothesis is equivalent to the acceptance of the alternative
hypothesis. The alternative hypothesis is also a numeric expression e.g.,

S25.
c. Specify the probability to be risked as a Type I error.

If possible, desired, or necessary, also make some specifications about the
probability of a Type II error for a given alternate value of the parameter
concerned.

d. Use the appropriate statistical theory (e.g., paragraphs
6.2, page 36, and 6.3, page 45) to test the null hypothesis.

NOTE: In some cases when the null hypothesis has been
rejected, a reserve judgment decision will be made
instead of accepting the alternative hypothesis;
e.g., insufficient sampling to produce conclusive
results.
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4.8 TYPES OF ERROR

4.8.1 TYPE I ERROR

The Type I error is rejection of the null hypothesis when it
is true. Tne risk of Type I error is the level of significance (a). It is
the more important of the two error types, since rejecting an item when in
fact it is good is better economically than accepting an item when in fact
it is bad. The value of a is arbitrary but will sometimes be found in the
Requirements Document. In the event the significance level or confidence
level (confidence level - 1 - significance level) is not specified in the
Requirements Document, a - .10 or confidence level - .90 will be used.

4.8.2 TYPE II ERROR

The Type II error is the acceptance of the null hypothesis when
it is false. The risk of a Type II error is denoted by 8. The value of 8
is not as restricted as that of a. In the event a and 8 are highly restricted,
the sample size must be very large to reach an accept or reject decision.
When 8 is not specified in the Requirements Document, .20 will be used.

4.9 LEVEL OF SIGNIFICANCE.

a. The risk of making a Type I error (a) equals the level
of significance of the test. The null hypothesis serves as an origin or
base. From the null hypothesis the test criterion may be a two-sided test
(two-tail test) or a one-sided test (one-tail test). The two-sided test
involves an area at each extreme of the distribution curve (note Figure 3A);
e.g., if a - .05 or 5%, then the shaded areas in Figure 3A are each equal to
2.5% of the total area under the curve. The one-sided test is only con-
cerned with the area under the curve at one extreme (note Figure 3B); e.g.,
if a - .05 or 5%, then the shaded area in Figure 3B is equal to 5% of the
total area under the curve. When the stated requirement is in the shaded
area, the null hypothesis is accepted which means that the item is not
acceptable.

b. In general, a test is said to be one-sided or two-sided
(one-tailed or two-tailed) depending on whether a is concentrated at one
end of the curve (left or right) or is divided into two areas with the
areas situated at opposite ends of the curve (see Figure 3).

4.10 CONFIDENCE INTERVAL. LNMITS, AND LEVEL

a. When estimating a population measure, such as u, by a
sample measure, such as X, u has a value somewhere near X. How near u is to
X is determined by an interval constructed about X; and, at a specified
confidence level, u lies in this interval. This interval is called the
confidence interval. The interval between the shaded areas of Figure 3A is
an example ot a confidence interval (see paragraph 6.1.2.1, page 27).

b. The end points of the confidence interval are called con-
fidence limits. Thus, there exist an upper confi:ence limit (UCL) and

a lower confidence limit (LCL). The LCL and UCL are shown in Figure 3A. In
-10-
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Lower confidence Upper Confidence Limit
Limit (LCL) (UCL)

A
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Confidence Level

Parameter
0 UCL

B
Figure 3

the case of the one-sided test, only one confidence limit is used for testing
purposes. Figure 3B is an example where only the UCL is used.

c. The confidence level is 1-a. In both Figures JA and 3B the
confidmnce levels are the unshaded areas, and the area that a represents is
either concentrated at one end of the curve as in the one-sided test or is
divided into two sections as in the two-sided test. In the event the same
area at one extreme of the distribution curve is considered for the one-sided
test and the two-sided test, the confidence levels will be different. For
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example, to test whether a test item differs from a standard (two-sided test)
or whether a Lest item is less than a standard (one-sided test), a value for
a must be chosen. When the one-sided test is used, a is the area at one
extreme; and the confidence level is 1-a (.95 for a = .05). If the same area
at the right extreme appears at the left extreme, the result is a two-sided
test with the confidence level being one minus the area at both extremes
(.90 for .05 area at each extreme). Figure 4 illustrates this difference.

4.11 SIGNIFICANT DIFFERENCE

a. One of the most frequent uses of statistics is in testing
for differences. Comparisons are conducted with the appropriate statistical
test applied to the results of the test to determine whether there is suffi-
cient justification in concluding that there is a difference either between
the test item and the stated requirements or between the test item and a
standard item. The test item may be evaluated in such terms as the mean (X),
proportion (P), standard deviation (s), or probable error (PE) while the
respective requirements are in terms of the required mean (po), required
proportion (0o), required standard deviation (ao), or required probable error
(T.). The test item and standard item are evaluated with respect to the same
term, e.g., their means. Ordinarily, the statistical test applied to the
results observed on a sample will point the way to a decision between a pair
of alternatives. For some tests, the two alternativ,- decisions will be
formally stated as follows:

(1) The population mean, or any other parameter, of test
item A is greater than that of standard item B.

(2) There is no reason to believe that the population mean,
or any other parameter, of test item A is greater than
that of standard item B.

b. In other cases, the formal statement of the two alternative
decisions will be:

(1) The population mean, or any othcr parameter, of test
item A is less than that of standard item B.

(2) There is no reason to believe that the population mean,
or any other parameter, of test item A is less than
that of standacd item B.

c. The problem is just how large the difference must be in
order to conclude that the two items differ or that the observed difference
is "statistically significant"? A difference may be statistically significant
and yet be unimportant for all practical purposes. However, the size of the
difference is dependent upon several factors:

(I) The amount of variability in the items of each type
(test item and standard item).

(2) The number of items of each type.
(3) The amount of risk allowed in stating that a difference

exists when there is none (Type I error).
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ONE-SIDED AND TWO-SIDED COMPARISON
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A
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BFigure 4

4.12 DEGREES OF FREEDOM

The degrees of freedom (d.f.) is a numerical value usually
generated by the sample size minus the number of estimated parameters. This
procedure may vary depending upon the parameters involved and the distribution
and test being applied. If the d.f. is needed, the process for ontaining it
will be supplied as a part of the statistical test procedure.

4.13 OPERATING-CHARACTERISTIC CURVE

a. An operating-characteristic (OC) curve is used to determine
one of four values given three of them; e.g., the Type II error can be
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determined if N, a, and A are known (see Figure 5). An example of an OC
curve is illustrated at Fieure 5.

OPERATING- CHARACTERISTIC CURVE

1.0

_,.6

0 O.9. I)•

"U.

t 4

00
m .2

0
005101.5 2.0

10
Operating characteristics of the one-sided X2 test to determine

whether the standard deviation a, of a new product is less than the
standard deviation a. of a standard (a = .05).

Adapted with permission from Annals of Mlathematical Statistics, Vol. 17,
No. 2, June 1946, from article entitled "Operating Characteristics for the
Common Statistical Tests of Significance" by C. D. Ferris, F. E. Grubbs,
and C. L. Weaver.

•iure 5

b. Since tables are easier to read than OC curves, the OC curves,
retaining all of their inherent qualities, have been transferred to tables
for use in this ,1TP.

4.14 AMOUNT OF ERROR WHEN DETEMIINING SAMIPLE SIZE

a. The error size (0) is a critical factor in determining sample
sizes. The next p-iragraph contains suggestions which will assist the project
officer in compromising between excessive sampling and loss of confidence in
results obtained.

b. In :many cases the Requirements Document will specify a
permissible error. If an error is not specified, the project officer must
use his judgment. An error of one percemnt of the required mean or the
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standard item mean has been used in some of the illustrated cases (see para-
graph 6.1.3, page 33, and paragraph 6.2.3, page 43). This is considered
appropriate since the timing and recording of the data for the tests may be
easily controlled. However when the test item has a large standard deviation,
an error as great as five percent may be acceptable in order to keep sample
sizes reasonable.

4.15 PARTICULAR DISTRIBUTIONS

4.15.1 NORMAL DISTRIBUTION

a. The normal distribution is by far the most important con-
tinuous distribution (see pages 2 to 4). Due to the laws of chance repeated
measurements of the same physical quantity occur with such a dispersion that
a pattern (distribution) is evident and can be closely approximated by a
certain kind of continuous distribution, referred to as the "normal curve
of errors." The graph of a normal distribution is a bell-shaped curve that
extends indefinitely in both directions (see Figure 6A).

b. The mean is at the peak of the distribution, and the standard
deviation determines the spread of the distribution. The physical area from
a to b under two normal distributions may not be equal (see Figure 6B). Since
construction of separate tables of normal curve areas for each conceivable
pair of values for u and a is impractical, areas are tabulated only for the
so-called standard normal distribution which has a mean of zero and a standard
deviation of one. The conversion of a normal distribution to a standard
normal distribution is accomplished by using the equation Z = x-U (see
Figure 7A). With the conversion to standard units, Table B-3,-page 2-3, may
be used. The entries in this table are the areas under the stannard normal
distribution between the mean (Z = 0) and Z = .01, ... , 3.09. The negative
values of Z (areas to the left of the mean) are not needed by virtue of the
symmetry of a rormal curve alout its mean; e.g., the area between Z = -1.33
and Z = 0 is the same as the area between Z = 0 and Z = 1.33, which is 0.4082.
In the event the percentage of area under the curve to the left of a given
value of Z is desired, Table B-3, page 2-3 and this value of 7 are used to
determine the percent from the mean. If Z is positive, the per,'ýntage of
the area to the left of Z equals .30 plus the value obtained from Table B-3;
e.g., if Z = .92 the percent of area is .50 + .3212 which is .8212 or 82.12%
of the area. If Z is negative, the percentage of the area to the left of Z
equals .50 minus the value obtained from Table B-3; e.g., if Z = -. 92, the
percent of area is .50 - .3212 which is .1788 or 17.88% of the area.

c. The percentage of area between two Z values can be determined
by obtaining the areas for the Z values from Table B-3, page 2-3, and either
subtracting the smaller area from the larger area if both Z values are on the
same side of the mean or adding the areas if the Z values are on opposite
sides of the mean (see Figure 7B).

4.15.2 BIVARIATE NORMAL DISTRIBUTION

a. A bivariate normal distribution is a populai, in which
e3ch member is dependent on two variables (values); e.g., eas..ng and northing.
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NORMAL DISTRIBUTION CURVE
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B

The data may be grouped into a table of double entry showing the frequencies
of pairs of values lying within given class intervals. Each row in such a
table gives the frequency distribution of the first variable for the members
of the population in which the second variable lies within the limits stated
on the left of the row. A similar statement can be made about the columns.
A grouped frequency distribution of the type in Tables A-la and A-lb, page
1-1 may be termed a bivariate frequency distribution.

b. The shape of the bivariate normal population is a normal
distribution in three dimensions, rising to its greatest height at the center
and fading away to tangency (see Figure 8). Some properties of the bivariate
normal distribution are:
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(1) Each section perpendicular to each axis can be trans-
formed into a normal distribution. This means that the
data from each column and each row are samples from a
normal distribution.

(2) All of the transformed distributions perpendicular to
each axis have the same popul3tion s:andard deviation,
and all of the population means lie on a straight line.

(3) The distribution is dependent on the standard deviations,
the means, and the covariance (amount of dependency) of
the two variables.

4.15.3 BINOMIAL DISTRIBUTION

a. Problems arise as to the number of successes or failures
in N trials. To handle problems of this type, a special probability function,
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BIVARIATE NORMAL DISTRIBUTION CURVE

The ideal symmetrical bivariate
Figure 8

the binomial distribution, ia .-.eded. This distribution applies only when
the probability of a success or failure rc""Ains constant from trial to trial
and the trials are independent. Table B-18, page 2-74, contains Ldboiq for
O to 100 failures. Table B-18 is used to establish reliabillt, -nnfidence
level, and sample size for a given number of failures. Paragraph IU.i,
page 119, explains the use of Table B-18 and gives vacious applications of
the binomial distribution.

b. If the probability of an event occurring is p, the mean
of the binomial distribution is Np and the standard deviation is N(p) (1-p).
As N increases, the bInomial distribution tends to the normal.

4.15.4 POISSON DISTRIBUTION

a. The Poisson distribution was developed for studying rare
events where N is large and the mean (Np) is much less than 15. Under such
conditions the binomial distribution remains noticeably Akew, and the normal
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approximation is unsatisfactory. The Poisson distribution is a limiting

form of the binomial distribution such that as N tends to infinity while p

tends to zero, U - Np is constant.

b. If a series of independent distributions are each Poisson

distributions with means pi, 02 , .... the sum follows a Poisson distribution

with mean equal to PI + V2 + -

c. The Poisson distribution plays an important role in the
inspection and quality control of manufactured goods. It is used to ascertain
that the proportion of defective items in a large lot is small.

d. The distribution is dependent on the mean (w), which equals
the variance (o2).

4.15.5 EXPONENTIAL DISTRIBUTION

a. For systems that are renewed by repair or maintenance, a
failure rate is employed. This rate is thus given as age-dependent. The
exponential distribution e-x may characterize the lifetime to failure for
one or more of the following reasons:

(1) The principal cause of failure is a chance effect
from the environment.

(2) A large serial system; i.e., one which fails when any
part fails, will have an exponential lifetime to
failure if the failures are independent and if repair

times are negligibly short.
(3) There may be many independent external possible causes

of failure that tend simultaneously and continuously
to threaten the system.

b. The combined effect of (1), (2), and (3) can be summarized
as follows: if an operating system has a very large number of components
and if the components are sufficiently independent; then the failure of one
componen:t is an independent binary process. In this case there are only two
possible outcomes for all observations of the component; i.e., success or
failure. Each observation selects one outcome at random, and the observations
are independent. Consequently, the average operating time until failure of
each component causes the probability of the oystem operating to decrease
rapidly and exponentially as operating time increases (see Figure 9).

4.15.6 STUDENT t DISTRIBUTION

The Student t disLribution approximatps the normal distribution
and is symmetrical about the mean. For large samples the standardized mean
is zero, and the standard deviation is one. The distinction is obvious only

for samples of less than 30. With samples of less than 30, there is a
slightly higher probability of values falling into the two tails. Figure 10
illustrates the t distribution and its rei.itionship to the normal
distribution.
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4.15.7 F DISTRIBUTION

a. If two sample variances are generated from two samples
which have normal distributions, the ratio of the two variances (called a
variance ratio) forms a sampling distribution called the F Distribution.
The distribution is dependent on the respective degrees of freedom, NI-1 and
N2-1. Figure 11 illustrates the F distritlution curve.

b. The F distribution is very helpful in determining the
equalit, of two population standard deviations (see paragraph 7.3, page 74,
for method and example).

4.15.8 CHI-SQUARE DISTRIBUTION

a. For many tests a is needed but is unknown. Although s is
by far the most popular estimate of the standard deviation of a population,
it is not the only estimate; and confidence intervals for a based on s are
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often stated with a given confidence level. The theory on which these con-
fidence intervals are based assumes that the population from which the sample
is obtained has roughly the shape of a normal distribution and is called the
chi-square (X') distribution. An example of a chi-square distribution is
shown in Figure 12A; in contrast to the normal and t distribution, its domain
is restricted to the nonnegative real numbers.

b. The ý2 distribution is also different from those previously
discussesd in that the area under the curve is summed from the X2 point to the
right. The value for _ represents an area of ca under the curve (right-
hand tail, see Figure I A), while X2 represents an area of !-x to the right
under the curve (see Figure 12B). Due to the shape of the x2 curve the point
values of l2/ and 1-1 1/2 will be different even though the significance

levels are eqaal (see Figure 12C). This distinction is important due to the
fact the distribution is not symmetrical; thus, a table containing values
corresponding to areas in either ti.il of the distribution is necessary. Thus,
with a confidence level of I-,,

<N1s (- < (N-l)s2

' /2 • "-•1?

As the Aample 31ze decreases, the interval for c, becomes wider. Therefore,
in mnst tests applying the chi-square distribution, a normal sample size is
needed (N A 30).

4.16 ROUND OFF PROCbDURES

a. Since all measuring equipment has limited accuracy, the
measurements are also of limited accuracy and thus consist of numbers which
have been rounded off; e.g., if an instrument is accurate to tenths of
minutes and a time measurement is 12.2 minutes, the time may actually have
been any value between 12.15 and 12.25 minutes.

b. When test data are used to compute test item characteristics,
such as the mean and standard deviation, the results must be consistent with
the original data; i.e., the mean weight of a group of projectiles cannct be
more accurate than the individual weights used to compute the mean. The
following irk- some hasic rules concerning significant figures and the rounding
of data:

(1) Significant figures (significant digits) are the digits
of a number tha" be'gin with the first digit on the ex-
treme left that is not a zero and that end with the
last digit on th, right that is not a zero or that is
a zero which is considered accurate. For example:

(a ) 1230. haý five qtgnifitant digits.
(b) I.U200 has fivc significant digits.

(T'hen - number ends with a zero which is on the right of the decimal point,

t e" z.'ro i s ni fif ,nc.
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(c) .0003 has one significant digit.
Wd) 5200 has two, three, or four significant digits

depending on whether the instrument used to obtain
this measurement is accurate to hundreds, tens, or
units, respectively.

(e) 100.0 has four significant figures.

(2) The result of a series of arithmetic operations must
be rounded off to an accuracy consistent with the
least accurate measurement in the original data. The
generally recommended procedure is to carry at least
two extra significant digits throughout the computations
before rounding off the final result. (If a calculator
is used for the computations will depend on the capa-
city of the calculator.)

(3) Some numbers are considered totally accurate due to the
fact that they are not the result of a measurement, and
thus they do not limit the number of significant digits
in the final result; e.g., degrees of freedom (d.f.),
required or desired significance levels, and requirements
such as wo and co. Values taken from tables are accurate
only to the number of digits given in the table.

(4) Generally, rounding off of numbers will be performed in
accordance with the standard Field Artillery round off
rules; however, special procedures must be used in the
following cases:

(a) When the sample size which must be tested in order
to prove an hypothesis is calculated, the answer
must be a whole number since a fraction of a
sample cannot be tested. Furthermore, if 36.2
samples are needed, then 36 samples are not enough.
Therefore, calculated sample sizes must be rounded
off to the next larger whole number.

(b) When one-sided or two-sided confidence limits are
calculated, the answer must usually be rounded off.
However, since the unrounded limits (UCL and LCL)
define an interval for a specified confidence
level, care must be used to insure that th, desired
confidence level is not decreased when the limits
are rounded off. Since the confidence level in-
creases as the interval increases, the UCL must
always be rounded up; and the LCL must always be
rounded down.

5. MEDIAN

5.1 OBJECTIVE

To determine the midpoint of the readings such that half of the
readings are above and half are below the median.
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5.2 DATA REQUIRED

A list of sample readings.

5.3 PROCEDURE

a. N is odd.

(1) List the readings in descending or ascending order.
(2) Use the middle reading for the median.

b. N is even

(1) List the readings in descending or ascending order.
(2) Use the average of the two middle readings for the

median.

5.4 EXAMPLE

a. Case I.

Given:
N-5

Procedure: Example:

(1) List the readings in order. (1) 15
13.5
12.7
12
11.9

(2) Use the N÷I reading for the (2) N+l = 5+1

median. 2 2

=3

The median is the 3rd reading.
The median = 12.7

b. Case II

Given:
N-6

Procedure: Example:

(1) List the readings in order (1) 250
245
230
228
225
224.6
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2 2 (2) T 3(2) I se the - a,,d - ednst

compt .e the median which is the N
averdge of the two. The median = 2

Use the 3rd and 4th readings to

( reading) + (y + 1 reading) compute:
230+228

2 The median -

458

- 229

5.5 ANALYSIS

The median equals the mean if the population is normally dis-
tributed; otherwise, it is only another measure of central location, which
denotes the midpoint of the total dispersions.

6. MEAN

6.1 ESTIMATE OF THE POPULATION MAN (u).

6.1.1 BEST SINGLE ESTIMATE OFu.

6.1.1.1 OBJECTIVE

To determine the best point estimate of the population mean
for a normal distribution.

6.1.1.2 DATA REQUIRED

A list of sample readings; e.g., the time required for prepare
for action under daylight conditions.

6.1.1.3 PROCEDURE

a. Sum the list of data for the parameter.

$. Divide the sum by the number of readings recorded to obtain
the mean of the parameter.

6.1.1.4 EXAMPLE

Given:
Sample data at Table A-2a, page 1-2.

Procedure: Example:

a. Sum the parameter. a. Sum - 1037.0 min
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b. Compute: b. X - 1037.0/12

X - Sum/no. of readings - 86.417 min.
NOTE: Mean may be expressed as - 86.4 min.

MTBF, MMBF, MTTR.

6.1.1.5 ANALYSIS

The ,sample mean. or average, is a value which is typical or
representative of a set of data. The mean is the most commonly used measure
of central location.

6.1.2 CONFIDENCE INTERVAL ESTIMATES

6.1.2.1 TWO-SIDED INTERVAL WITH a UNKNOWN

6.1.2.1.1 OBJECTIVE

To determine a two-sided confidence interval which is expected
to bracket p at the desired confidence level when a is unknown.

6.1.2.1.2 DATA REQUIRED

A list of sample readings.

6.1.2.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute X (see paragraph 6.1.1.3, page 26).

c. Compute s (see paragraph 7.1.1.3, page 64).

d. Use Table B-5, to obtain t for N-1 d.f.1 -a/ 2

e. Compute E as follows:

(1) Multiply s by step d.
(2) Divide step (1) by the square rout of N.

f. Add £ to X to obtain the UCT., and subtract E from X to
obtain the LCL.

g. Conclude that V is equal to or between the UCL and LCL
at the desired confidence level.

6.1.2.1.4 EXAMPLE

Given:
Sample data at Table A-2a, page 1-2.
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Procedure: Example:

a. Choose the confidence level (1-a). a. a - .05
1-a - .95

1-a/ 2 - .975

b. Compute X. b. X - 1037.0/12
- 86.417 min.
- 86.4 min.

See paragraph 6.1.1.4, page 26,
for computations.

c. Compute s. c. s =J51.95-1_1
12-1

=p 4.7233

= 2.173 min.

= 2.2 min.

See paragraph 7.1.1.4, page 65
for comput-tions.

d. Use Table B-5, page 2-5, d. t for 11 d.f. = 2.201

to obtain t for N-1 d.f. .375
1-a/2

(2.201) (2.173)e. Compute : e. E

t (aS() (s
S= -N4.783

= 1.381

f. Compute: f. UCL - 86.417 + 1.381
= 87.798 rin.

UCL = X + - 87.8 min.

LCL -X LCL - 86.417 - 1.381

- 85.036 min.

= 85.0 min.

g. <onclude t',1t. UCL and g. Conclude that p • 87.8 and

u 1L,(L (the t i•~ U lower • 85.0 at a 95% confidence level.

confidence limit VlA) at a
lO0(1-I)% (>)HUT :..
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6.1.2.1.5 ANALYSIS

The two-sided interval surrounds u such that P I UCL and i I

LCL at a 100(l-a)% confidence level. Due to a being unknown, the confidence
interval will be as large as possible. Application of the Student t test,
which is designed for small sample size, also contributes to a larger con-
fidence interval than a normal test for a particular E.

6.1.2.2 ONE-SIDED INTERVAL WITH a UNKNOWN

6.1.2.2.1 OBJECTIVE

To determine a one-sided confidence interval such that p is
equal to or less than the UCL (or equal to or greater than the LCL) at the
desired confidence level when a is unknown.

6.1.2.2.2 DATA REQUIRED

A list of sample readings.

6.1.2.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute X (see paragraph 6.1.1.3, page 26).

c. Compute s (see paragraph 7.1.1.3, page 64).

d. Use Table B-5, page 2-5, to obtain tl.a for N-1 d.f.

e. Compute c as follows:

(1) Multiply s by step d.
(2) Divide step (1) by square root of N.

f. Add c to X to obtain the UCL (or subtract E from X to obtain
the LCL).

g. Conclude that u is equal to or less than the UCL (or equal to
or greater than the LCL) at the desired confidence level.

6.1.2.2.4 EXAMPLE

Given:
Sample data at Table A-2a, page 1-2.

Procedure: Example:

a. Choose the confidence level a. a = .01

(1-a). 1-a = .99
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b. Compute X. b. X = 86.417 min.
= 86.4 ain.

c. Compute s. c. s 8 2.173 min.
= 2.2 min.

See paragraph 6.1.2.1.4, page 27,
for computations.

d. Use Table B-5, page 2-5, to d. t. 9 9 for 11 d.f. - 2.718

obtain tj_, for N-I d.f.

e. Compute: e. c (2. 718) (2. 173)

C tjl-j(s) ',. "7

,fN- 5.906

3.464

- 1.705

f. Compute: f. UCL = 86.417 + 1.705

UCL - + E 
88.122

(orUCL - E+ 88.2 min.
(or LCL = X - C (or LCL 86.417 - 1.705

= 84.712
= 84.7 miin.)

g. Conclude that V I UCL g. Conclude that u4' 88.2 min.
(or 0 1 LCL) at a 100(1-a)% (or w • 84.7 min.) at a 99%
confidence level, confidence level.

6.1.2.2.5 ANALYSIS

The one-sided interval surrounds u such that u I UCL (or u a

LCL) at a 100(l-a)% confidence level. Since a is concentrated at one end
of the curve, the value tj_, is used instead of the value of t 2

6.1.2.3 TWO-SIDED INTERVAL WITH a KYOWN

6.1.2.3.1 OBJECTIVE

To determine a two-sided confidence interval which is expected
to bracket u at the desired confidence level when a is known.

6.1.2.3.2 DATA REQUIRED

A list of sample readings and a, which is known from a standard
item, history, or a Requirements Document.

6.1.2.3.3 PROCEDURE

a. Choose the desired confidence level.
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b. Compute X (see paragraph 6.1.1.3, page 26).

c. Use Table B-4, page 2 - 4 ,to obtain ZI-,/2•

d. Compute c as follows;

(1) Multiply a by step c.
(2) Divide step (1) by the square root of N.

e. Add c to X to obtain the UCL, and subtract c from X to

obtain the LCL.

f. Conclude that P is equal to or between the UCL and LCL
at the desired confidence level.

6.1.2.3.4 EXAMPLE

Given:
Sample data at Table A-2a, Page 1-2.
a - 2.0 min.

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-a). 1-a - .95

1-a/ 2 -. 975

b. Compute X. b. X - 86.417 min.
- 86.4 min.

See paragraph 6.1.1.4,
page 26, for computations.

c. Use Table B-4, page 2-4, c. Z.975 - 1.960
to obtain Z

(1.96)(2.0)

d. Compute: d. C =

E = 3.920
3.464

1.132

e. Compute: e. UCL - 86.417 + 1.132
UCL = X + - 87.549
LCL = X - 87.6 min.LCL = X-

LCL - 86.417 - 1.132
- 85.285
S85.2 min.
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If. Conclude that u A UCL f. Conclude that v A 87.6 min and

and V I LCL at a 100(1-a)% 4 x 85.2 ain at a 95% confidence

confidence level, level.

6.1.2.3.5 ANALYSIS

The two-sided interval surrouavs p such that M I UCL and v a

LCL at a 100(l-a)% confidence level. When the valuc of o is known, this

procedure will be used in preference to that in paragraph 6.1.2.1, page 27,

because it will, in most cases, lead to a narrower confidence interval

relative to the known o.

6.1.2.4 ONE-SIDED INTERVAL WITH a KNOWN

6.1.2.4.1 OBJECTIVE

To determine a one-sided confidence interval such tOat i. is

equal to or less than the UCL (or equal to or greater than the LCL) at the

desired confidence level when a is known.

6.1.2.4.2 DATA REQUIRED

A list of sample readings and o, which is known from a standard

item, history, or Requirements Document.

6.1.2.4.3 PROCEDURE

a. Chodse the desired confidence level.

b. Compte X (see paragraph 6.1.1.3, page 26).

c. Use Table B-4, page 2-4, to obtain z .

d. Compute c ai foilows:

(1) Multiply o by step c.
(2) Divide step (1) by the square root of N.

e. Add c to X to obtain the UCL (or subtract c from X to

obtain the LCL).

f. Conclude the w is equal to or less than the UCL (or equal

to or greater than the LCL) at the desired confidence level.

6.-. 2.4.4 EXAMPLE

Given:
Sample data at Table A-2a, page 1-2.
I 2.0 min.
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Procedure: Example:

a. Choose the confidence a. a - .01
level (l-0). 1-a - .99

b. Compute X b. X 86.417
= 86.4 min.

See paragraph 6.1.1.4, page 20,
for computations.

c. Use Table B-4, page 2-4 c. Z. 9 9 - 2.326
to obtain Z l-,. (2.326)(2.0)

d. Compute: d. c =

C- Z (•) JiT
= 4.652

If _N 3.464
= 1.343

e. Compute: e. UCL = 86.417 + 1.343

UCL - + = 87.760
-- =L 87.8 win.

(or LCL = X - (or LCL - 86.417 - 1.343
- 85.074

- 85.0 min.)

f. Conclude that p S UCL f. Conclude that P 9 87.8 min
(or u A LCL) at a 100(l-a)% (or U A 85.0 min.) at a 99%
confidence level, confidence level.

6.1.2.4.5 ANALYSIS

The one-sided interval surrouýnds p such that W I TJCL (or u I LCL)

at a 100(1-a)% confidence level. Since a is concentrat-I at one end of the
curve, the value of Z,-, is used instead of the value of Z1 _./,. When a is
known, this procedure will be used in preference to that in paragraph 6.1.2.2,

page 29.

6.1.3 SAMPLE SIZE REQUIRED TO ESTIMATE THE POPULATION MEAN

6.1.3.1 SAMPLE SIZE REQUIRED TO ESTIMATE U WITH a UNKNOWN

6.1.3.1.1 OBJECTIVE

To determine the sample size (N t) required in order to state

that ý is equal to or between X + c and • -E at the desired confidence level
when a is unknown.

6.1.3.1.2 DATA REQUIRED

The s and the d.f. from a previously tested sample.
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6.1.3.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Choose the allowable amount of error.

c. Use Table B-5, page 2-5,to obtain t for N-1 d.f.1 -/2

d. Compute Nt as follows:

(1) Square step c.
(2) Square s.
(3) Square c.
(4) Multiply step (1) by step (2).
(5) Divide step (4) by step (3).
(6) Round step (5) to the next larger whole number.

e. Conclude that Nt samples are required in order to state that

Sis eoual to or between X + c and X - A At the de"IreA confidp.co lovpt.

6.1.3.1.4 EXAMPLE

Given:
a - 2.2 min.
N - 12

Procedure: Example:

a. Choose the confidence level a. a - .05
(1-a). 1-aU 2 - .975

b. Choose c. b. E - .8 min.

c. Use Table B-5, page 2-5 c. t. 9 7 5 for 11 d.f. - 2.201
to obtain tj1 a/2 for N-1 d.f.

(2.201)2(2.2)2
d. Compute: d Nt = (2.201)2(2.2)2

(t )2(S)2 (.8)2
t -a/ (4.844) (4.84)

E2  (.64)

23.445

64

- 36.632

= 37

e. Conclude that Nt samples are e. If 37 samples are tested and
required in order to state that computed, conclude that u . X + .8
U • X + E and U 0 X - cj at a min. and u a X - .8 min. at a 95%
lO0(l-c)% confidence level, confidence level.
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6.1.3.1.5 ANALYSIS

If Nt samples are tested and X is computed, conclude that u A
+ c and u P -a at a 100(1-a)Z confidence level.

6.1.3.2 SAMPLE SIZE REQUIRED TO ESTIMATE U WITH a KNOWN

6.1.3.2.1 OBJECTIVE

To determine the Nt required in order to state that u is equal to
or between 7 + E and X- c at the desired confidence level when a is known.

6.1.3.2.2 DATA REQUIRED

a, which is known from a standard item, history, or Requirements
Document.

6.1.3.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Choose the allowable amount of error.

c. Use Table B-4, page 2-4, to obtain Z S- /•

d. Compute Nt as follows:

(1) Square step c.
&.1 Square v

(3) Square c.
(4) Multiply step (1) by step (2).
(5) Divide step (4) by step (3).
(6) Round step (5) to the next larger whole number.

e. Conclude that Nt samples are required in order to state that
W is equal to or between X + E and • - c at the desired confidence level.

6.1.3.2.4 EXAMFLE

Given:
a 2.0 min.

Procedure: Example:

a. Choose the confidence level a. a - .05
(1-)[). 1--3 - .95,

1-1/2 - .975

b. Ch,,,,se c. b. c - .8 min.
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c. Use Table B-4, page 2-4 c. Z - 1.960
to obtain Z, 2

9

d. Compute: d. N a (1.96)2(2.0)2
(.8)2

Nt - (Z-U/2)2(y)2 - (3.842)(4.00)
2 .64

£

- 15.37
.64

a 24.02

- 25

e. Conclude that N samples are e. If 25 samples are tested
required in order to state that and X computed, conclude that
u < X + E and u > i - c at a u 4 + .8 min. and M > t - .8

100(1-a)% confidence level. min. at a 95% confidence level.

6.1.3.2.5 ANALYSIS

If Nt samples are tested and X is computed conclude that u <
+ c and u X- c at a lO0(1-a)% confidence level.

6.2 COMPARING AN OBSERVED MEAN (x) rO A REQUIREXFNT (Uo)

a. An observed mean is generated from a sample and is represen-
tative of p. This value of X is then compared to a stated requirement (,,0).
However, looking at the values of X and -'., to decide whether ' is greater than
1 or u is less than .3 at a confidence level is insufficient. Since the

decisicn pertains to the population, statistical tests must be applied to
to determine whether . is greater than uc or L. is less than io.

b. There exist two possibilities for the relationship of ! to
However, for each possibility there are two approaches; i.e., - may be

known or unkrown; and the appropriate test must be chosen on that basis.
Following are the assumptions and the circumstances for each possible relation-
ship:

(1) 7 greater than

(a) The null hypothesis is greater than Lo.
(b) The alternative hypothesis is there is no reason

to believe.. is greater than
(c) The use of this test is appropriate when r is a

maximum value for .ý to satisfy. In the event that
. must not be greater than ), this test would be
appropriate.
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(2) X less than vo.

(a) The null hypothesis is u is less than uo.
(b) The alternative hypothesis is there is no reason

to believe P is less than po.
(c) The use of this test is appropriate when po is a

minimum value for P to satisfy. In the event that
U must meet or exceed vo, this test would be
appropriate.

6.2.1 XGREATER THAN uP,,

6.2.1.1 Y GREATER THAN M, WITH a UNKNOWN

6.2.1.1.1 OBJECTIVE

To determine whether W is greater than uo at the desired con-
fidence level when the value of a is unknown.

6.2.1.1.2 DATA REQUIRED

A list of sample readings.

6.2.1.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute • (see paragraph 6.1.1.3, page 26).

c. Compute s (see paragraph 7.1.1.3, page 64).

d. Use Table B-5, page 2-5, to obtain t ra for N-1 d.f.

e. Compute c as follows:

(1) Multiply s by step d.
(2) Divide step (1) by the square root of N.

f. Subtract c from X to obtain the LCL whicii is the lower
bound for M at the desired confidence level. The confidence interval for
u is from the LCL to + **

g. If po is less than the LCL, decide that p is greater
than 40; otherwise, there is no reason to believe M is greater than po at the
desired confidence level.

6.2.1.1.4 EXAMPLE

Given:
DO - 85.0 min.
Sample data at Table A-2a, page 1-2.
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Procedure: Examyle:

a. Choose the confidence a. a - .05

level (1-a). 1-u - .95

b. Compute X. b. X " 86.417

- 86.4 min.
See paragraph 6.1.2,1.4 b,
page 28, for computations.

c. Compute a. c. a - 2.173

- 2.2 min.
See paragraph 6.1.2.1.4 c, page
28, for computations.

d. Use Table B-5, page 2-5, d. t.9* for 11 d.f. - 1.796
to obtain t 1 _. for N-1 d.f.

e. Compute: e. c , (1.796)(2.173)

£ - •(s) .3.903

4W - 3.464

= 1.127

f. Compute: f. LCL - 86.417 - 1.127

LCL - - £ - 85.290

- 85.2 min.

g. If uo < LCL, decide that g. Since 85.0 < 85.2, decide
U > pc; otherwise, there is that p > 85.0 min. at a 95%
no reason to believe w > •o confidence level.
at a 100(1-a)Z confidence level.

6.2.1.1.3 ANALYSIS

If Uo < LCL, the null hypothesis that u > wo is accepted;
otherwise, there is no reason to believe u > P, at a 1O0(1-a)% confidence
level -rhen T is unknown. The 100 (1-x)% confidence interval fort is from
the LZL to + - .

6.2.1.2 R GREATER THAN p, WITH a KNOWN

6.2.1.2.1 OBJECTIVE

To determine whether W is greater than p, at the desired
confidence level when a is known.

6.2.1.2.2 DATA REQUIRED

A list of sample readings and a, which is known from a standard
item, history, or Requirements Document.
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6.2.1.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute X (see paragraph 6.1.1.3, page 26).

c. Use Table B-4, page 2-4, to obtain Z .

d. Compute c as follows:

(1) Multiply a by step c.
(2) Divide step (1) by the square root of N.

e. Subtract e from X i." obtain the LCL which is the lower
bound for u at the desired confidence level. UJ fHdP-cr Interval for
j is from the LCL to + ®.

f. If 110 is less than the LCL, decide that p is greater than
Vo; otherwise ther is no reason to believe V is greater than PO at the
desired confidence level.

6.2.1.2.4 EXAMPLE

Given:
a - 1.4 min.
Po =83.0 min.
Sample data at Table A-2a, page 1-2.

Procedure: Example:

a. Choose the confidence a. a - .10

level (1-a). l-a = .90

b. Compute . b. X - 86.417

- 86.4 min.
See paragraph 6.1.1.4, page 26,
for computations.

c. Use Table B-4, page 2-4, c. Z.90 = 1.282
to obtain Zl-,.

d. Compute: d. E (1.282)(1.4)

Z- (a) ,rlT
______ 1.7948

N-W 3.464

- .518
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e. Compute: e. LCL - 86.417 - .518

LCL -E 
- 85.899
- 85.8 min.

f. If wo < LCL decide that f. Since 83.0 < 85.8 decide
w > o; otherwise, there is that w > 83.0 min. at a 90%

no reason to believe confidence level.
v > p at a 100(1-a)%
confidence level.

6.2.1.2.5 ANALYSIS

If uo < LCL, the null hypothesis that w > po is accepted; otherwise,
there is no reason to believe w > p at a 100(1-a)% confidence level when T is
unknown. The 100 (1-1 )% confidence interval for o Is LCL to +

6.2.2 X LESS THAN un.

6.2.2.1 X LESS THAN vn WITH a UNKNOWN

6.2.2.1.1 OBJECTIVE

To determine whether p is less than wo at the desired confidence
level when a is unknowr.

6.2.2.1.2 DATA REQUIRED

A list of sample readings.

6.2.2.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute X (see paragraph 6.1.1.3, page 26).

c. Compute s (see paragraph 7.1.1.3, page 64).

d. Use Table B-5, page 2-5, to obtain t 1  for N-I d.f.

e. Compute E as follows:

(1) Multiply s by step d.
(2) Divide step (1) by the square root of N.

f. Add E to Z to obtain the UCL which is the upper bound for
w at the desired confidence level. The confidence interval for 1i is from
- ' to the UCL.

g. If wo is greater than the UCL, decide that w is less than Lýo;
otherwise, there is no reason to believe o is less than w. at the desired
confidence level.
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4 6.2.2.1.4 EXAMPLE

Given:
Po - 87.0 min.
Sample data at Table A-2a, page 1-2.

Procedure: Example:

a. Choose the confidence a. a .10
level (1-a). 1-a - .90

b. Compute •. b. • - 86.417
86.4 min.

See paragraph 6.1.2.1.4 b, page
27, for computations.

c. Compute s. c. s - 2.173
- 2.2 min.

See paragraph 6.1.2.1.4 c, page
27, for computations.

d. Use Table B-5, page 2-5, d. t. 9 0 for 11 d.f. - 1.363
to obtain tj1 for N-1 d.f. (1.363)(2.173)

e. Compute: e. e

E = tl-a(s) t-
N ,2.962

3.464
= .855

f. Compute: f. UCL = 86.417 + .855
UCL = X + C - 87.272

= 87.3 min.

g. If wo > UCL, decide that g. Since 87.0 ý 87.3, decide
S< Po; otherwise, there is that there is no reason to
no reason to believe p < po believe that u < 87.0 min, at
at a lO0(l-a)% confidence level, a 90% confidence level.

6.2.2.1.5 ANAYLSIS

If po > UCL, the null hypothesis that p < uo is accepted,
otherwise, there is no reason to believe w < po at a 100(l-a)% confidence
level. The lO0(l-a)% confidence interval for p is from - to UCL.

6.2.2.2 • LESS THAN wn WITH a KNOWN

6.2.2.2.1 OBJECTIVE

To determine whether w is less than vio at the desired confidence
level when a is known.
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6.2.2.2.2 DATA REQUIRED

4 list of sample readings and a, which is known from a standard
item, history, or Requirements Document.

6.2.2.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Compue X (see paragraph 6.1.1.3, page 26).

c. Use Table B-4, page 2-4, to obtain ZI_,.

d. Compute e as follows:

(I) Multiply a by step c.
(2) Divide step (1) by th" square root of N.

e. Add E to X to obtain the UCL which is the upper bound for w
at t1,e desired confidence level. The confidence interval for jj is from - j
to UCL.

f. If wo is greater than the UCL, decide that w is less than
po; otherwise, there is no reason to believe W is leqs than Wo at the
desired confidence level.

6.2.2.2.4 EXAMPLE

Given:
a - 2.2 min.

Po 88.0 min.
Sample datc at Table A-2a, page 1-2.

Procedure: Example:

a. Choose the confidence a. a = .10
level (1-a). 1-a = .90

b. Compute X. b. X = 86.417
= 86.4 min.

See paragraph 6.1.1.4,
page 26, for computations.

c. Use Table B-4, page2-4, c. Z.94 = 1.282
to obtain Z-_,.

d. Compute: d. £ = (1.282)(2.2)

Z' - 01(7

J-N 2.820
3.464

= .814
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e. Compute: e, UCL - 86.417 + .814
- 87.231

UCL - + e- 87.3 min.

f. If Po > UCL, decide that f. Since 88.0 > 87.3, decide
p < Uo; otherwise, there is no that u < 88.0 min. at a 90%
reason to believe p < po at a confidence level.
lO0(1-a)% confidence level.

6.2.2.2.5 ANALYSIS

If po > UCL, the null hypothesis that ii < po is accepted;
otherwise there is no reason to believe ui<jo at a desired confidence level.
The 100 (1-a )% confidence interval for ii is from _ to UCL.

6.2.3 DETERMINATION OF SAMPLE SIZE

6.2.3.1 OBJECTIVE

To determine the Nt required to determine whether p is equal to or
greater than po + E (or equal to or less tnan io - ) at the desired
confidence level when:

a. a is known.

b. a is unknown.

6.2.3.2 DATA REQUIRED

a. a, which is known from a standard item, history, or
Requirements Document.

b. An approximation of the value that c will assume.

6.2.3.3 PROCEDURE

a. Choose a and B, the probabilities of making Type I and
Type II errors respectively.

b. Choose the allowable amount of error.

c. Compute d 2 , an intermediate value, as follows:

(1) Divide £ by a.
(2) Square step (1).

d. Use Table B-4, page 2-4, to obtain Zj_, and Z1 -_.

e. If a is known, compute Nt as fullows:

(1) Add Z L to Z 1 3.
(2) Square step (1).
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(3) Divide step (2) by step c and round to the next
larger whole number.

f. If a is unknown, add 3 to step e for a - .01, 2 for a - .05,
or 1 for a - .10.

g. Conclude that Nt samples are required to determine whether
u is equal to or greater than Uo + c (or equal to or less than uo - E) at the
desired confidence level.

6.2.3.4 EXAMPLE

Given:
a - .12

Procedure: Example:

a. Choose a and B. a. a - .01
1-a - .99
a - .20
1-8 - .80

b. Choose e. b. c - .05

c. Compute: c. d2 _ (.05/.12)2
- (.4167)2

d2 - (C/0) 2  - .1736

d. Use Table B-4, page 2-4, d. Z. 9 9 - 2.326
to obtain Z, and - z.8 .84

(2. 326+ .84

e. When a is known, compute: e. Nt =( .1736

(Z lia+Z 1_ )2 = (3.166)2

Nt .1736
d2  10.024

.1736

- 57.74

= 58

f. When a is unknown and a value f. Since a - .01
is assumed, compute: (2.326+.84)2

( a) a .01 Nt = .1736

(z I_1 +Z1 -) = 61
Nt d2 +3

(2) a = .05(Z l_+Z '. _•)

Nt =+
d4'
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(3) - (z1 +z )2

Nt = - I \
d2

g. Conclude that Nt samples are g. Conclude that 58 samples,
required to determine whether for a known and equal to .12
P k Po + E (or W g Wo - c) at a (or 61 samples for a assumed
100(1-a)% confidence level, equal to .12), must be tested

in order to determine whether
p , o + .05 (or p K po - .05)
at a 99% confidence level.
NOTE: If a is really less than

.12, Nt is mere than
adequate.

6.2.3.5 ANALYSIS

If a is overestimated, the consequences are twofold: first,
Nt is overestimated; second, by employing a Nt that is larger than necessary,
the actual value of 6 will be somewhat less than intended at the same con-
fidence level, a consequence which is never undesirable. On the other hand
if a is underestimated, Nt is underestimated. Therefore, Nt must be re-
computed and additional items must be tested if possible. 6 will be larger
than intended, at the same confidence level. Thus, overestimating a is
safer than underestimating a.

6.3 COMPARING TWO OBSERVED MEANS

a. An observed mean is generated from a sample and is re-
presentative of p. This value of X is then required to meet a standard item
X which is representative of the standard items population. Looking at the
values of the means (XA and XB) to decide whether VA is greater than WB or
WA is less than PB at a confidence level is insufficient. Since the decision
pertains to the populations, statistical tests must be applied X and X,

to determine whether uA is greater than uB or uA is less than B. The
Qrftistical tests use the sample means as estimates of the population means.

b. Type A generally represents the test item and Type B the
standard item when testing the hypothesis that PA 19 greater than WB. However,
to prove that the average performance of the test item is less than that of
the standard item, Type A must represent the standard item so that the
hypothesis, uA is greater than PB, can be tested.

c. When the null hypothesis is VA i± greater than UB, the
alternative hypothesis is there is no reason to believe that PA is greater
than PB"

d. There are four different procedures available to test the
null hypothesis. Following are the conditions which dictate the appropriate
test:
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(1) The variabilities of A and B are unknown but assumed
equal (oA - a ). This test also applies when N A
NB even though *,A 0 oB (see paragraph 6.3.11
page 46.

(2) The variabilities of A and B are unknown but assumed
unequal (oA 0 oB) for unequal sample sizes (see para-
graph 6.3.1.2, page 49).

(3) The variabilities of A and B are known from previous
experience; thus, GA may or may not equal aB (see
paragraph 6.3.1.3, page 51).

(4) The observations are paired; i.e., individual Type
A and Type B items are tested alternately such that the
items in each pair are tested under the same condition.
Cbviously, NA NB (see paragraph 6.3.1.4, page 53).

NOTE: The procedure in subparagraph (1) is also valid for
paired observations since N - NB; however, the
procedure in subparagraph (t) is only valid for paired
observations.

6.3.1 XA GREATER THAN YB

6.3.1.1 oA AND oB UNKNOWN BUT ASSUMED EQUAL

6.3.1.1.1 OBJECTIVE

To determine whether WA is greater than UB at the desired con-
fidence level when the population standard deviations of A and B are unknown
but aA is assumed equal to GB.

6.3.1.1.2 DATA REQUIRED

A list of sample readings.

6.3.1.1.3 PROCEDURE

a. C'oose the desired confidence level.

b. Compute 9A and 7B (see paragraph 6.1.1.3, page 26).

c. Compute Eti and EA2 as follows:

(1) Compute the deviation from the mean for each reading
(AA - XA - XA and _ E

(2) Square each deviation (PAA and AB2 ).

(3) Sum the squared deviations ror each of the two items
(Z, and ,.)

d. Use Table B-5, page 2-5, to obtain t,_, for (NA+N B- 2 ) d.f.
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s e. Compute the combined standard deviation (sp) of the items
as follows:

(1) Add EA2 to ZA2

A B

(2) Add N A TO NB.

(3) Subtract 2 from step (2).

(4) Divide step (1) by step (3).

(5) Find the square root of step (4).

f. Compute c as follows:

(1) Add NA to NB.

(2) Multiply NA by NB.

(3) Divide step (1) by step (2).

(4) Multiply step e by the square root of step (3).

(5) Multiply step d by step (4).

g. Subtract E from 7A to obtain the LCL.

h. If XB is less than the LCL, decide that PA is greater than
UB; otherwise, there is no reason to believe PA is greater than UB at the
desired confidence level.

6.3.1.1.4 EXAMPLE

Given:
Sample data at Table A-2b, page 1-3, and Table A-2c, page 1-4.

Procedure: Example:

a. Choose the confidence a. -. 05
level (1-a). 1-a = .95

b. Compute: b. XA = 5401.40

xA = 5401 meters

XB AB - 5372.23

= 5372 meters
See paragraph 6.1.1.4, page 26.

c. Compute! c. 2= 3,552.80
-A

Zý, See paragraph 7.1.1.4, page 65.

B
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d. Use Table B-5, page 2-5, d. NA+Nl-2 - 20+20-2
to obtain tj_, for (NA+NB-2) d.f. - 38

t. 9 5 for 38 d.f. - 1.687

NOTE: If the necessary d.f. is
rot in Table B-5, page 2-5,
interpolate to find the
value of tlJ*a.

t d 9 5 for 30 d.f. - 1.697
I 8x10 d ~ f

10 d.f. 8 I d *f. for 38 d.f. w 1013
t. 9 5 for 40 d.f. a 1.684

8__. x
10 .013

(10) x - (.013)(8)
x - (.013)(8)/10

- .104/10
- .010

Since the t value decreases
for increasing d.f., subtract
.010 from 1.697. Thus, t. 9 5
for 38 d.f. - 1.687

e. Compute: e.
p '99.70

NA+NB -2 p _ 38
= 13.03 meters

f. Compute: f. t = (1.586 (13.03) rJZ-745

E t_(p) _ N+N (1.687)(13.03)
- (21.97 (.3162)

g. Compute: r TCL = •01.40-6.95

LCL =A - 5394.45

- 5394 meters
h. If X < LCL, decide that h. Since 5372 < 5394, decide
WA > WB; otherwise, there is that uA > 5372 meters at a 95%no reason to believe confidence level.

wA > ýB at a 100( 1-a)%
confidence level.
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6.3.1.1.5 ANALYSIS

If YB < LCL, the null hypothesis that IA > WB is accepted;
otherwise, there is no reason to believe VA > WB at the 100(]-.a)% confidence
level when i and 9 are unknown and i is assumed equal to

6.3.1.2 oA AND aB UNKNOWN BUT ASSUMED UNEQUAL

6.3.1.2.1 OBJECTIVE

To determine whether wA is greater than UB when. the population
standard deviations of A and B are unknown but are assumed unequal.

6.3.1.2.2 DATA REQUIRED

A list of sample readings.

6.3.1.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute XA, A$ B, and s2 (see paragraphs 6.1.1.3, page 26,
and 7.1.1.3, page 64).

c. Compute VA AND VB, intermediate values, by dividing sA by
NA and s2 by NB respectively.

d. Compute the effective number of d.f. (e.d.f.) as follows:

(1) Add VA to VB.

(2) Square step (1).
(3) Square VA.

(4) Square VB.
(5) Divide step (3) by the sun of NA+l.
(6) Divide step (4) by the sum of NB+l.
(7) Add step (5) to step (6).
(8) Divide step (2) by step (7).
(9) Subtract 2 from step (S).

(10) Round step (9).

e. Use rable B-5, page 2- to obrain t, €"- the e.d.f.

f. Compute E as follows:

(1) Add VA to VB.

(2) Multiply step e by the sqivire root of step (1).

g. Subtract E from X A to obtain the LCL.
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h. If XB is less than the LCL, decide that uA is greater than
uB; otherwise, there is no reason to believe WA is greater than UB at the
.desired confidence level.

6.3.1.2.4 EXAMPLE

Given:
Sample data at Table A-2b, page 1-3 and Table A-2d, page 1-5.

Procedure: Example:

a. Choose the confidence a. a - .05

level (1-i,. 1-a - .95

b. Compute: b. XA - 5401.40

XA - 5401 meters

52 s2 _ 186.99

XB - 187

S2 XB - 5378.30
B a-5378 meters

9- 165.48

165
See paragraphs 6.1.1.4, page 26,
and 7.1.1.4, page 65.

c. Compute: c. VA - 186.99/20

V a s/NA - 9.3495VA AA

VB , s/ NB VB a 165.48/10

,, 16.548

d. Compute: d.

e.d.f. - (V 4  -2 e.d.f. - (9.35+16.55)2 -2
[Vj/(NAil) ]+[Vj/(NB+j) ] r (9.35)2/21 J+(16.55)2/11) j

- (25.90)2 -2

(87.42/21)+(273.9/11)

670.8

4.16 + 24.90

, 670.8 -2

29.06

- 23.08 - 2

- 21.08
- 22
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e. Use Table B-5, page 2-5, e. t. 9 5 for 22 d.f. - 1.717
to obtain tl_u for e.d.f.

f. Compute: f. c - (1.717) J9.35 J +16.55

F W t - (1.717) 1.fJT-

- (1.717) (5.089)

= 8.738

g. Compute: g. LCL - 5401.40 - 8.74

LCL - XA - E - 5392.66

- 5392 meters

h. If XB < LCL, decide that h. Since 5378 < 5392, decide that

WA > UB; otherwise, there is PA > 5378 meters at a 95%
no reason to believe
UA > UB at a 100(1-a)% confidence level.

confidence level.

6.3.1.2.5 ANALYSIS

If XB < LCL, the null hypothesis that PA > P8 is accepted;
otherwise, tlere is no reason to believe VA > UB at a 10 (l-a)% confidence
level when. and 7 are unknown and assumed equal to

A .B A B

6.3.1.3 CA AND aB KNOWN FROM PREVIOUS EXPERIENCE

6.3.1.3.1 OBJECTIVE

To determine whether UA is greater than iB when CA and oB are
known from previous experience.

6.3.1.3.2 DATA REQUIRED

A list of sample readings and CA and CB, which are known from
previous testing.

6.3.1.3.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-4, page 2-4, to obtain Zl_,.

c. Compute XA and XB (see paragraph 6.1.1.3, page 26).

d. Compute E as follows:

(1) Square CA.

(2) Square aB.

(3) Divide step (1) by NA.
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(4) Divide step (2) by NB.

(5) Add step (3) to step (4).
(6) Multiply step b by the square root of step (5).

e. Subtract c from "A to obtain the LCL.

f. If iB is less than the LCL, decide that uA is greater than
WB; otherwise, there is no reason to believe WA is greater than WB at the
desired confidence level.

6.3.1.3.4 EXAMPLE

Given:
Sample data at Table A-2b, page 1-3, and Table A-2c, page 1-4.

aA - 14.0 meters

0B - 12.0 meters

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-a). 1-a - .95

b. Use Table B-4, page 2-4, b. Z. 9 5 - 1.645
to obtain Zl_,.

c. Compute: c. XA a 5401.40

XA - 5401 meters

XB XB - 5372.25

- 5372 meters
See paragraph 6.3.1.1.4, page 47.

d. Compute: d.

Z_ N N'-B (1.645) U[(14.0)2/20]+((12.0)2/201

- (1.645) -J(196.0/20)+(144.0/20)

- (1.645) 41 9.80 + 7.20

- (1.645) . 17.00

- (1.645) (4.12)

- 6.78
e. Compute: e. LCL - 5401.40 - 6.78

LCL E - C - 5394.62

- 5394 meters
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f. If XB < LCL, decide that f. Since 5372 < 5394, decide that

WA 11B; otherwise, there is Vel.5372 meters at a 95% confidence /
no reason to believe PA > PB

at a 100(1-a)% confidence level.

6.3.1.3.5 ANALYSIS

If X8 < LCL, the null hypothesis that PA > PB is accepted;
otherwise, there is no reason to believe PA > PB at a 100(l-a)% confidence
level when 0 and 0 are known from previous testing.

A B

6.3.1.4 PAIRED OBSERVATIONS

6.3.1.4.1 OBJECTIVE

To determine whether PA is greater than PB when the observations
are paired (see subparagraph 6.3 d (4), page 45.

6.3.1.4.2 DATA REQUIRED

A list of paired sample readings.

6.3.1.4.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute the difference between the reading for Type A and
the reading for Type B (xd - xA - xB) for each pair of observations.

c. Compute the mean of the differences (Xd), (see paragraph
6.1.1.3, page 26).

d. Compute the standard deviation of the differences (Sd),
(see paragraph 7.1.1.3, page 64).

e. Use Table B-5, to obtain tj-, for N-I d.f.

f. Compute c as follows:

(1) Divide step d by the square root of N.
(2) Multiply step e by step (1).

g. If Xd is greater than c, decide that PA is greater than PB;
otherwise, there is no reason to believe PA is greater than PB at the desired
confidence level.

6.3.1.4.4 EXAMPLE

Given:
Sample data at Table A-2e, page 1-6.
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Procedure: Example:

a. Choose the confidence a. a - .05

level (1-a). 1-a - .95

b. Compute xd for each pair b. (1) xd - 146 - 141
of readings. = 5

xd = xA - xB (2) xd - 141 - 143
= -2

See Table A-2e, page 1-6
for complete list.

c. Compute Xd. c. Xd - -0.10
- -0.1 amp. hr.

See paragraph 6.1.1.4, page 26.

d. Compute sd. d. sd - 2.81
- 2.8 amp. hr.

See paragraph 7.1.1.4, page 65.

e. Use Table B-5, page 2-5 e. t.95 for 9 d.f. - 1.833
to obtain tjl, for N-1 d.f.

f. CoEp-te: (1.833)(2.81)/ ,JT0
Sd - 5.15/3.16

- 1.63
" tl-a - -, 1.6

g. If Xd > e, decide that g. Since -0.1 1 1.6, decide that
vA > WB; otherwise, there is there is no reason to believe
no reason to believe JA > OB WA > UB at a 95% confidence level.

at a I00(1-:)% confidence level.

6.3.1.4.5 ANALYSIS

If Xd > -, the null hypothesis that WA > UB is accepted;
otherwise, thLre is no reason to believe PA > uB at a 100(1-t)% confidence
level , hen the observations are paired.

6.3.1.5 DETERMIINATION OF SAMPLE SIZE

6.3.1.5.1 OBJECTIVE

To determine the Nt required to determine whether uA is equal
to or greater than PB + (or equal to or less than PB - E) at the desired
confidence level when:

a. Case I. The variabilities of A and B are unknown but
-issureJ equal.

b. Case 11. 'Pe viriabilities of A mnd B ;ire unknown but
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c. Case III. The variabilities of A and B are known from
previous experience.

d. Case IV. The observations are paired (see subparagraph
6.3 d (4), page 45).

6.3.1.5.2 DATA REQUIRED

a. Case I. An approximation of the value that a (GA = OB) will
assume.

b. Case II. An approximation of the values that GA and OB will
assume.

c. Case III. The values of 9A and GB which are known from
previous experience.

d. Case IV. An approxination of the population standard
deviation of the differences (Cd w- •where ý and i are approximations)
for the pairs concerned.

6.3.1.5.3 PROCEDURE

a. Cas6 I.

(1) Choose a and 6, the probabilities of making Type T
and Type II errors respectively.

(2) Choose the allowable amount of error.
(3) Compute d2 , an intermediate value, as follows:

(a) Square o.
(b) Multiply step (a) by 2.
-:c) Square E.

(d) Divide step (c) by step (b).

(4 Use Table B-4, page 2-4, to obtain Z,_a and Z
(c. Compute Nt (Nt = NA = NB) as follows:

(a) Add Z, . to Z1_3.
(b) Square step (a).
(c) Divide step (b) by step (3).
(d) If a = .01, add 2 to step (c) and round up; and

if a = .05, add 1 to step (c) and round up.

(6) Conclude that Nt samples of each item are required
to determine whether ciA is equal to or greater th~cn

PB + c (or equal to or less than uB - E) at the *'esired
confidence levw.

b. Case II.

(1) Choose i and n, 1hp probabilities of making Type I
and Type II errors respectively.
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(2) Choose the allowable amount of error.
(3) Compute d 2 , an intermediate value, as follows:

(a) Square aA.
(b) Square OB.
(c) If NA - NB, add step (a) to step (b).
(d) If NA is a multiple of NB; i.e., NA w C(NB),

multiply step (b) by C and add the product to
step (a).

(e) Square c.
(f) Divide step (e) by the value from step (c)

if NA - NB or by the value from step (d) if
NA = C(NB).

(4) Use Table B-4, page 2-4, to obtain ZI.a and ZI-B.
(5) Compute Nt (Nt a NA a NB) as follows:

(a) Add Zj-, to Z1 6 .
(b) Square step (a).
(c) Divide step (b) by step (3) and round up.

(6) Corclude that Nt samples of each item are required
to determine whether UA is equal to or greater than wB
+ e (or equal to or less than uB - E) at the desired
confidence level.

c. Case I11.

Same as Case II.

d. Case IV.

Same as paragraph 6.2.3.3, page 43
NOTE: a in paragraph 6.2.3.3 represents ad.

6.3.1.5.4 EXAMPLE

a. Case I.

Given:
a 2.6

Procedure: Example:

(1) Choose A and 6. (1) 1 - .05

i-a - .95
S= .20
1-6 = .80

(2) Choose 7. (2) E = 1.05

-56-



MT? .3-1-005
1 March 1972

(3) Compute: (3) d2 - 1.052/2(2.6)2

d2 - £2/202 - 1.1025/2(6.76)

- 1.1025/13.52

- .08155

(4) Use Table B-4, page 2-4 (4) Z. 9 5 - 1.645
to obtain Z_1 , and Zla. z.80 - .84

(5) Compute:

(a) For m - .01,

Nt a- + Z,-6) +2
d2

(b) Fc-- a - .05, Since a - .05,

Z--a + Zl.-8 ) 2  (1.645 + .84)2
Nt a d2 Nt .0815 + 1

.08155S(2. 485)2

.08155 +1

= 6.175 + 1

.08155

= 75.72 + I

= 76.72

= 77

(6) Conclude that Nt samples of (6) Conclude that 77 samples
each item are required to determine of each item for a assumed and
whether LA Z uB + 6 (or PA I - E) equal to 2.6, must be tested
at a 100(l-a)% confidence level, in order to determine whether

4A I -B + 1.05 (or WA u-B - 1.05)
at a 95% confidence level.

b. Case II.

Given
GA = 2.2

B= 3.0

NA = NB

Procedure: Example:

(1) Choose a and B. (1) a = .05

1-a = .95

B = .20

1-B = .80
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(2) Choose e. ,2) e - .75
(3) (a) If NA = NB, compute: (3) Since NA BN is

assumed,

d2. £2 d 2  .752

o2 + 02 (2.2)2+(3.0)2
A B

.5625
4.84 + 9.0

.5625

13.84

- .0406
(b) If NA - C(NB), compute:

d 2  .-
2

02A+C (a2

(4) Use Table B-4, page 2-4, (4) Z. 9 5 - 1.645
to obtain Zl_, and ZiB. Z.80 - .84

(5) Compute: (5) Nt a (1.645 + .84)2

a - (Zl-. + Zl_8) 2  .0406
Nad2 = (2.485)2

.0406

6.175
.0406

- 152.10

- 153

(6) Conclude that Nt samples of (6) Conclude that 153 sampleseach item are required to determine of each Item,fir aA assumed andwhether WA A uB + E (or UA "B - 0) equal to 2.2 and aB assumed andat a 100(l-a)% confidence level, equal to 3.0, must be tested in
order to determine whether UA a
uB + .75 (or PA £ UB - .75)
at a 95% confidence level.

c. Case III.

Same as Case II.

d. Case IV.

Same as paragraph 6.2.3.4, page 44.

NOTE: a in paragraph 6.2.3.4 represents acd
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6.3.1.5.5 ANALYSIS N

If a is overestimated, the consequences are twofold; first,
Nt is overestimated; second, by employing a Nt that is larger than necessary,
the actual value of 8 will be somewhat less than intended at the same con-
fidence level, a consequence which is never undesirable. On the other hand
if a is underestimated, Nt is underestimated. Therefore, Nt must be re-
computed and additional items must be tested if possible. 0 will be larger
than intended at the same confidence level. Thus, overestimating a is safer
than underestimating a.

6.3.2 COMPARING THE MEANS OF SEVERAL PRODUCTS

6.3.2.1 OBJECTIVE

To determine whether the means of several products differ.

6.3.2.2 DATA REQUIRED

A list of sample readings.

6.3.2.3 PROCEDURE

a. Case I. NI - N2 - N3 .... - NK = N

(1) Choose the desired confidence level.
(2) Compute s2 for each product (see paragraph 7.1.1.3,

page 64).
(3) Compute d.f., and d.f. 2 as follows:

(a) Set d.f. 1 equal to K.
(b) Sum the N's and subtract step (a) to obtain d.f. 2 .

(4) Compute the average variance (sd) as follows:

(a) Sum s2s.

(b) Divide step (a) by the number of products (K).

(5) Use Table B-6, page 2-6, to obtain q]_, for (d.f. 1 ,
d.f..) d.f.

(6) Compute e as follows:

(a) Multiply step (5) by the square root of step (4).
(b) Divide step (a) by the square root of N.

(7) If the absolute difference between any two sample
means is greater than c, decide that those means differ;
otherwise, there is no reason to believe the means differ
at the desired confidence level.

b. Case II. The N's are unequal.
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(1) Choose the desired confidence level.
(2) Compute S2 for each product (see paragraph 7.1.1.3,

page 64.
(3) Compute d.f., and d.f. 2 as follows:

(a) Set d.f.jequal to K.
(b) Sum the N's and subtract step (a) to obtain d.f. 2.

2
(4) Compute sK as follows:

(a) Subtract one from each N.
(b) Multiply step (a) by the s2 of the particular

sample.
(c) Sum the peoducts generated by step (b).
(d) Divide step (c) by step (3) (b).

(5) Use Table B-6, page 2-6, to obtain qj-a for (d.f. 1 ,
d.f. 2 ) d.f.

(6) Compute H, an intermediate value, as follows:

(a) Take the reciprocal of each N (1/N).
(b) Sum the reciprocals generated by step (a).
(c) Divide K by step (b).

(7) Compute c as follows:

(a) Multiply step (5) 1v the square root of step (4).
(b) Divide step (a) by the square root of step (6).

(8) If the absolute difference between any two sample
means is greater than L, decide that those means differ;
otherwise, there is no reason to believe the means
differ at the desired confidence level.

6.3.2.4 EXAMPLE

a. Case I.

Given:

N1 - N2 - N3 - N4 - N

Sample data at Table A-2f, page 1-7.

Procedure: Example:

(1) Choose the confidence (1) a = .10

level (1-a). l-a = .90

(2) Compute: (2) s, - 406.00

? 2 = 574.80

s" = 636.80

s2 = 159.30
1,

See paragraph 7.1.1.4, page 65
for example computatlcns.
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(3) Compute: (3) d.f., - 4

d.f.1 - K d.f. 2 - (5+5+5+5)-4

d.f. 2 - (EN) - K - 20 - 4

- 16

(4) Compute: (4)
s2 - Es2. s2 - 406.00+574.80+636.80+159.30
K KK4

1776.90

4
- 444.22

(5) Use Table B-6, page 2-6, (5) q.90 for (4,16) d.f. - 3.52
to obtain ql-a for (d.f. 1 ,d.f. 2 ) d.f.

(6) Compute: (6) c - (3.52) 44.22/ F5

- (3.52)(21.07)/2.236I(
JK - 74.17/2.236

- - 33.17
(7) If the absolute difference (7) 1 and 3
between any two sample means is 3 0
greater than c, decide that those Is 53400-562.601 > 33.2?
means differ; otherwise, there is 28.6 ' 34
no reason to believe the means Since 29 / 34, decide that
differ at a 100(1-a)% confidence the means of Types 1 and 3 do not
level. differ at a 90% confidence level.

NOTE: Check the difference
between the smallest
and largest means
first. If that
difference is not
greater than e,
conclude that none
of the remaining
differences will be
larger than E. How-
ever, if the difference
is greater than E,
then continue checking
the remaining 5
differences.
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b. Case 11.

Given:

N1 0 N2 # Ni # N4

Sample data at Table A-2., page 1-8.

Procedure: Example:

(1) Choose the confidence (1) a , .10
level (1-a). -a -. 0

(2) Compute: (2) 92 - 4912.90

s2, s2 s2 s2 S2 310.70
1 2' 3 2

82 - 212.50

82 - 1190.50

See paragraph 7.1.1.4, page 65
for example.

(3) Compute: (3) d.f., - 4

d.f.1 - K d.f. 2 - (71-5+9+7)-4

d.f.2 - (EN) - K - 28-4
- 24

(4) Compute: (4)

82-(N 1 -1)s2+(N2 -1) S2+(N 3 -.l) sI+(NL.- 1)5
K d.f. 2

S2 ,(6) (4912. 90)+(4) (310.70)+(8) (212.50)+(6) (119G.50)
SK 2/4

29477.4+1242.8+1700.0-4+7143.0

24
39,563.2

24

= 1648.47

(5) Use Table B-6, page 2-6, (5) q.?i for (4,24) = 3.42
to obtain ql-• for (d.f.,,d.f. 2 ) d.f.

(6) Compute: (6)
v4

N : N4 ~ 7 5 9 7
4

.143+. 200-. 111+. 14'3

4
.597
6.70
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(7) Compute: (7) c - (3.42) [1-648.47 f6.70
ql-a 2 - (3.42)(40.60)/2.59

"•K - 138.85/2.59

,rJ- - 53.64

(8) If the absolute difference (8) (a) 2 and 3
between any two sample means is
greater than c, decide that those Is 15011.20-5584.671 > 54?
means differ; otherwise, there is
no reason to believe the means 573 > 54
differ at a 100(1-a)% confidence Since 573 > 54, decide that
level. the means of Types 2 and 3 differ

at a 90% confidence level.

NOTE: Since the difference
between the smallest
and largest mean
produces a difference
decision, repeat step
(8) for the next
largest difference.

(b) 3 and 4

Is 15584.67-5147.96 1 5> '

436.81 > 54?

437 > 54
Since 437 > 54, decide that

the means of Types 3 and 4 differ
at a 90% confidence level.

(c) 1 and 3

Is 15222.29-5584.671 > 54?

362.38 > 54?

362 > 54
Since 362 > 54, decide thaL

the means of Types 1 and 3 differ
at a 90% confidence level.

(d) I and 2

Is 15222.29-5011.201 > 54?

211.09 > 54?
211 > 54

Since 211 > 54, decide that
the means of Types 1 and 2 differ
at a 90% confidence level.
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(e) 2 and 4

Isj 5011.20-5147.86 > 54.

> 54?

137 > 54
Since 137 > 54, decide that the
means of Types 2 and 4 differ at
a 90% confidence level.

(f) 1 and 4

Is 15222.29-5147.86J > 54?

74.43 > 54?

74 > 54
Since 74 > 54, decide that the
means of Type 1 and 4
differ at a 90% confidence level.

6.3.2.5 ANALYSIS

The population means of several products may be compared by com-
puting the absolute difference between any two sample means and comparing
this value to a'computed E. The decision is relative only to the two
products compared. Therefore, this test only reveals the relationship bet-
ween the means of two items at a desired confidence level and does not
necessarily reveal a difference between one mean and all of the remaining
means.

7. STANDARD DEVIATION

7.1 ESTIMATE OF THE P, PULATION STANDARD DEVIATION (s).

7.1.1 BEST SINGLE ESTIMATE of s.

7.1.1.1 OBJECTIVE

To determine the ý'est point estimatp of the population standard
deviation for a normal distribution.

7.1.1.2 DATA REQUIRED

A list of sample readings.

7.1.1.3 PROCEDURE

a. Compute Y (see paragraph 6.1.1.3, page 26).

b. Find the deviation of each reading Zrom the mean by sub-
tracting the mean from each reading; i.e., A - x - X.

c. Square each deviation; I.e., 6
2 .

d. Sum the squared deviations; i.e., E6
2 .

e. Compute s as follows:

(1) Divide step d by N-I.
(2) Find the square root of step tl).
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7.1.1.4 EXAMPLE

Given:

Sample data at Table A-3a, page 1-9.

Procedure: Example:

a. Compute !. a. X - 1094/10
= 109.40
- 109 min.

See paragraph 6.1.1.4, page 26.

b. Compute: b. (1) A - 100.00 - 109.40
- -9.40

V- - X (2) A - 125.00-109.40

- 15.60
See Table A-3a, page 1-9,
for complete list.

c. Square each A. c. (1) A2 - (-9.40)2
- 88.36

(2) A2 . (15.60)2
- 243.36

See Table A-3a, page 1-9
for complete list.

d. Sum the A2 . A2- 810.4

e. Compute: e. s -

S1-1 fu. 0

= 9.49

9 min.

7.1.1.5 ANALYSIS

The standard deviation is a unit measure of dispersion around
the mean. In the case of the normal distribution, 68% of the area under
the curve is between X + s and X - s with u centered at X or, in terms
of the population, between P + c and p - a (see Figure 13).

7.1.2 CONFIDENCE INTERVAL ESTIMATES

7.1.2.1 TWO-SIDED INTERVAL

7.1.2.1.1 OBJECTIVE

To determine a two-sided confidence interval which is expected
t) bracket o at the desired confidence level.

7.1.2.1.2 DATA REQUIRED

A list of sample readings.
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AREA UNDER THE NORMAL CURVE

I..

34% 34%

-3o -2o -o Z-O +o +2a +3a

X-3s X-2s X-s X X+s X+2s X+3s

Parameter

Figure 13

7.1.2.1.3 PROCEDURE

a. Choo:;e the desired confidence level.

b. Compute s (see paragraph 7.1.1.3, page 64).

c. Use Table B-9, page 2-35, to obtain BL (upper bound) and
BL (lower bound) for N-i d.f.

d. Multiply s by B. to obtain the UCL and multiply s by BL to
obtain the LCL.

e. Conclude that a is equal to or between the UCL and LCL at
the desired confidence level.

7.1.2.1.4 EXAMPLE

Given:

Sample data at Table A-3a, page 1-9.

Procedure: Example:

a. Choose the confidence level (1-a). a. a - .05
1-a - .95

b. Compute s. b. s - 9.49
" 9 min.

See paragraph 7.1.1.4, page 65.
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c. Use Table B-9, page 2-35, c. For a - .05 and 9 d.f.,
to obtain BU and BL for a and BU - 1.746
N-i d.f. BL - .6657

d. Compute: d. UCL - (1.746)(9.49)
UCL - (- 16.57

"" 17 min.

LCL - (BL) s LCL - (.6657)(9.49)
- 6.32
- 6 min.

e. Conclude that a £ UCL and e. Conclude that a , 17 min.
a a LCL at a lO0(l-a)% confi- and a 1 6 min. at a 95% confi-
dence level. dence level.

7.1.2.1.5 ANALYSIS

The two-sided interval surrounds a such that a r UCL and a • LCL
-t a I00(l-,•)% confidence level.

7.1.2.2 J'NE-SIDED INIERVAL

7.1.2.2.1 OBJECTIVE

To determine a one-sided confidence interzal such that a s equal
to or less than the UCL (or equal to or greater than the LCL) at the desired
confidence level.

7.1.2.2.2 DATA REQUIRED

A list of sample readings.

7.1.2.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute s (see paragraph 7.1.1.3, page 64).

c. Use Table B-10, page 2-37, to obtain Al., (or Ac) for
N-1 d.f.

d. Multiply Al-, by s to obtain the UCL (or multiply A., by s

to obtain the LCL).

e. Conclude that a is equal to or less than the UCL (or equal
to or greater than the LCL) at the desired confidence level.

7.1.2.2.4 EXAMPLE

Given:

Sample data at Table A-3a, page 1-9.

Procedure: Example:

a. Choose the confidence level (l-ca). a. A = .05
i-CL = .95

b. Compute s. b. s = 9.49
= 9 min.

See paragraph 7.1.1.4, page 65.
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c. Use Table B-10, page 2-37, c. For 9 d.f.,
to obtain A1-a (or A.) for N-1 d.f. A. 9 5 - 1.645

(or A. 0 5 - .7293)

d. Compute: d. UCL - (1.645)(9.49)
UCL - Ai_. s - 15.61

= 16 min.
or LCL - AO S (or LCL = (.7293)(9.49)

- 6.92
- 6 min.)

e. Conclude that a £ UCL e. Conclude that a 1 16 min.
(or o i LCL) at a 100(1-a)Z (or a a 6 min.) at a 95%
confidence level. *confidence level.

7.1.2.2.5 ANALYSIS

The one-sided interval surrounds o such that a 9 UCL (or
•a LCL)at a 100(1-a)% confidence level.

7.1.3 SAMPLE SIZE REOUIRED TO ESTIMATE THE POPULATION STANDARD DEVIATION

7.1.3.1 OBJECTIVE

To determine the Nt required in order to state that a lies
within a specified percentage of its true value at the desired confidence
level.

7.1.3.2 DATA REQUIRED

None.

7.1.3.3 PROCEDURE

a. Choose the desired confidence level.

b. Choose the allowable percentage of error.

c. Use Table B-4, page 2-4, to obtain Z1_a12.

d. Compute Nt as follows-

(1) Square step c.
(2) Square step b.
(3) Multiply step (2) by 2.
(4) Divide step (1) by step (3) and round to the next

larger whole numLer.

e. Conclude that Nt samples are required in order to state
that a lies within an allowable percentage of error ot its true value
at the desired confidence level.

7.1.3.4 EXAMPLE

Procedure: Example:

a. Choose the confidence level (l-u). a. x = .05
1-t = .95

.= 975
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b. Choose the percentage of error. b. Percentage of error - .10

c. Use Table B-4, page 2-4, c. Z. 9 7 5 - 1.96

to obtain Zl -a/(.

d. Compute: d. Nt 2__1_

Z =-2/22 3.84
Nt 2(percentage of error) 2  2(.0l)

3.84

.02
" 192 \

e. Conclude that Nt samples are e. Conclude that 192 samples
required in order to state that are required in order to state
a lies withii. an allowable per- that a lies within 10% of its
c-ntage of its true value at a true value at a 95% confidence
100(1-u)h -unfidence level, level.

7.1.3.5 ANALYSIS

Nt samples are required in order to state that a lies within
a certain percentage of its true value at a 100(l-r)% confidence level.

7.2 COMPARING AN OBSERVED STANDARD DEVIATION (s) TO A REQUIREMENT (an)

a. An observed sLandard deviation is generated from a sample
and is representative of a. This value of s is then compared to a stated
requirement (c0 ). However, looking at the values of s and ao to decide
whether a is greater than co or a is less than co at a confidence level is
insufficient. Since the decision pertains to the population, statistical
tests must be applied to s to determine whether u is greater than o, or o
is less than ao.

b. There exist two possibilities for the relationship of
s to 5.. Following are the assumptions and the circumstances for each
possible relationship:

(1) s greater than u0.

(a) The null hypothesis is o is greater than uO.
(b) The alternative hypothesis is there is no reason

to believe a is greater than aO.
(c) The use of this test is appropriate when C0 is a

maximum value for c to satisfy. In the event that
a must not be greater than co, this test would be
appropriate.

(2) s less than 0o.

(a) The null hypothesis is c is less than a0 .
(b) The alternative hypothesis is there is no reason

to believe that o is less than 02.
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(c) The use of this test is appropriate when c, is a
minimum value for o to satisfy. In the event that
a must meet or exceed i. , this test would be
appropriate.

7.2.1 s GREATER THAN .

7.2.1.1 OBJECTIVE

To determine whether j is greater than 70 at the desired con-
fidence level.

7.2.1.2 DATA REQUIRED

A list of sample readings.

7.2.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-10, page 2-37, to tain A,, for N-l d.f.

c. Compute s (see paragraph 7.1.1.3, page 64).

d. Multiply step c by step b to obtain the LCL. The cun-
fidence interval for a is from the LCL to +

e. If oo is less than the LCL, decide that -,is greater than >
otherwise, there is no reason to believe -iq greater nhan at the desired
confidence level.

7.2.1.4 EXAM'PLE

Given:

=,ý 7. 0 min.

Sample data at Table A-3a, page 1-9.

Procedure: Example:

a. Choose the confid~nce 1 a.0
level (1-i). 1-. = .95

b. Use Table B-I0, page 2-37, b. For 9 d.f.
to obtain 't for N-i d.f. .- .7293

C. Compute q. C. =9.,49

9 mil.
See 1)ia.r~i~iph 7. 1.1.4, p~age 65.

Ic C~-. Lx A '. h:it
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7.2.1.5 ANALYSIS

If co < LCL, the null hypothesis that a > ao is accepted;
otherwise, there is no reason to believe a > ao at a l00(l-a)% confidence
level. The 100(l-a)% confidence interval for a is from the LCL to + •.

7.2.2 s LESS THAN op

7.2.2.1 OBJECTIVE

To determine whether a is less than co at the desired confidence
level.

7.2.2.2 DATA REQUIRED

A list of sample readings.

7.2.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-10, page 2-37, to obtain AI_, for N-1 d.f.

c. Compute s (see paragraph 7.1.1.3, page 64).

d. Multiply step c by step b to obtain the UCL. The confi-
dence interval for a is from - - to the UCL.

e. If ac is greater than the UCL, decide that a is less than
co; otherwise, there is no reason to believe a is less than ao at the desired
confidence level.

7.2.2.4 EXAMPLE

Given:

ao = 12.0 min.
Sample data at Table A-3a, page 1-9.

Procedure: Example:

a. Choose the confidence a. a = .05
level l-a). 1-i = .95

b. Use Table B-1O, page 2-37, b. For 9 d.f..
to obtain A_,- for N-i d.f. A.3 5 = 1.645

c. Compute s. c. s = 9.49
= 9 min.

See paragraph 7.1.1.4, page 65.

d. Compute: d. UCL = (1.645) (9.49)

UCL =Aj'xs 
= 15.611UCL Al_(s)= 16 min.

e. If UCL, decide that e. Since 12.0 A ldecide
-otherwise, there is that there is no reason to

no reason to believe 7 < :c believe that 7 K 12.0 min.
at a 100(1-X) confidence at a 95% confidence level.
leve-.
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7.2.2.5 ANALYSIS

If ao > UCL, the null hypothesis that a < co is accepted;

otherwise, there is no reason to believe a < co at a l00(l-a)% confidence
level.

7.2.3 DETERMINATION OF SAMPLE SIZE

7.2.3.1 OBJECTIVE

To determine the Nt required to determine whether a is greater
than Y oo (or less than y co) at the desired confidence level.

7.2.3.2 DATA REQUIRED

None.

7.2.3.3 PROCEDURE

a. Choose a and B, the probabilities of making Type I and Type II
errors respectively.

b. Estimate s based on experience or a comparable item.

c. Divide s by co to obtain y, an intermediate value.

d. Use Table B-Il, page 2-38, to obtain Nt which corresponds
to y and the chosen values of a and S. If one of these values is not
contained in the table, continue with step e.

e. Use Table B-4, page 2-4, to obtain Z 1 _• and ZI_B-

f. Compute Nt as follows:

(1) Multiply Zl_e by step c.
(2) Add step (1) to Zl1 '.

(3) Divide step (2) by:

(a) y-1, if s is greater than co.
(b) 1-y, if s is less than co.

(4) Square step (3).
(5) Multiply step (4) by 1/2.
(6) Add 1 to step (5) and round to the next larger whole

number.

g. Conclude that Nt samples are required to determine whether
Sis greater than i .7 (or is less than - c;) at the desired confidence
level.

NOTE: When y > 1, then s is greater than 7-; and the null
hvrothesis is that 7 1 Y :-. When 1 t i, then s is less
than ; and the null hypothesis is that 7 < y •

7.2.3.4 E XAMPLE

Given:

= 7.3
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Procedure: Example:

a. Choose a and 8. a. a - .05
1-a - .95
8 - .20
1-6 - .80

b. Estimate s. b. s - 9.5

c. Compute: c.

s 9.5
ao 7.3

-1.3

d. Use Table B-lI, page 2-38, d. Since 8 - .20 is not con-
to obtain Nt which corresponds tained in Table B-i1, page 2-38,
to y Wd chosen values of continue with step e.
a and 8. If one of these
values is not contained in Table
B-l1, page 2-38, continue
with step e.

e. Use Table B-4, page 2-4, e. Z. 9 5 - 1.645
to obtain Zj_, and Zla. Z.80 - .840

f. (1) If s > ao (Y > 1), f. Since 9.5 > 7.3 (1.3 > 1)
compute:

Nt - l+(1/2)( Z1 _,+Y(Z 1... ) 2 Nt 1+l(1/2) (1.645+(1.3)(.804)) 2

(2) If s < ao (y < 1), = 1+(1/2) 1.645+1.092)2

compute: 1+(1/2) 223:731 ) 2
Nt - 1+(1/2 )

1-Y 1+(1/2)(9.123)2

= 1+(1/2)(83.229)
f 1+41.614
= 42.614
= 43

g. Conclude that Nt samples are g. Conclude that 43 samples
required to determine whether must be tested in order to
a > Y 00 (or - - e -,) at a determine whether a > 1.3 uO
100(l-a)% confidence level, at a 95% confidence level.

7.2.3.5 ANALYSIS

a. Initial Nt.

At specified significance levels of ai and 6, Nt samples
are required : deter-'ine whether a > y j, (or o < "' oo). As y approaches
1, a very lar.ýt sart• size is required.
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b. Adequacy of Nt.

(1) s greater than o.

After the initial Nt samples have been tested,
s must be computed and compared to the initial
estimated s. If the computed s is greater than
the initial s, the initial Nt is adequate; however,
if the computed s is less than the initial s, the
initial Nt is inadequate. If Nt is inadequate, Nt
must be recomputed using the computed s in place of the
initial s; and additional samples must be tested if
possible.

(2) s less than o".

After the initial Nt samples have been tested, s
must be computed and compared to the initial estimated
s. If the computed s is less than the initial s, the
initial Nt is adequate; however, if the computed s is
greater than the initial s, the initial Nt is in-
adequate. If Nt is inadequate, Nt must be recomputed
using the computed s in place of the initial s; and
additional samples must be tested if possible.

7.3 COMPARING TWO OBSERVED STANDARD DEVIATIONS

a. An observed standard deviation is generated from a sample
and is representative of u. !his value of s is then required Lo meet a
standard item s which is representative of the standard items population.
Looking at the values of the standard deviations (SA and sB) to decide
whether ýA is greater than 7B or UA is less than aB at a confidence level
is insufficient. Since the decision pertains to the populations, statistical
tests must be applied co s and s to determine whether 0A is grEater than

-r A is less than 7B AThe statistical tests use the sample standard
deviations as estimated of the population standard deviations.

b. Type A generally represents the test item and Type B the
standard item when testing the hypothesis that OA is greater than 7B.
However, to prove that the average performance of the test item is less than
that of the standard item, Type A must represent the standard item so that
the hypothesis, 7A is greater than OB, can be tested.

c. When the null hypothesis is cA is greater than jB, the
alternative hypothesis is there is no reason to believe that OA is greater
than 'B-

d. The use of this test is appropriate when •B is a maximum
value for -A to satisfy. In the event -A must not be greater than :B,
this test would be approrriate.

7.3.1 sA GREATER THAN sB
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7.3.1.1 OBJECTIVE

To determine whether CA is greater than aB at the desired
confidence level.

7.3.1.2 DATA REQUIRED

A list of sample readings.

7.3.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute d.f., and d.f. 2 as follows:

(1) Subtract 1 from NA to obtain d.f.j.
(2) Subtract I from NB to obtain d.f. 2.

c. Use Table B-8, page 2-18, to obtain Fl_,, which is the
UCL, for (d.f. 1 , d.f. 2 ) d.f.

d. Compute sA and s2 (see paragraph 7.1.1.3, page 64).

e. Divide sX by s2 to obtain the computed value of F.

f. If F is greater than the UCL, decide that CA is greater than

OB; otherwise, there is no reason to believe CA is greater than GB at the
desired confidence level.

7.3.1.4 EXAMPLE

Given:
Sample data at Tables A-3a, page 1-9, and A-3b, page 1-10

Procedure: Example:

a. Choose the confidence a. a = .05
level (1-a). 1-a = .95

b. Compute: b. d.f. 1 = 10 - 1

d.f.,= NA - 1 = 9

d.f.2 = N3 - I d.f. 2 = 12 - 1
= 11

c. Use Table B-8, page 2-18, c. F. 9 5 for (9,11) d.f. = 2.90
to obtain Fj_, for (d.f. 1 , UCL 2.90
d.f. 2 ) d.f.

UCL = F 1 _a

d. Compute s2 and s2 d. 92 = 810.4,'9A B A
= 90.04

= 90 min

s2= 151/11
B

= 13.73
= 14 min.
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e. Compute: e.

A F 90.04

SB 13.73

- 6.558
- 6.56

f. If F > UCL, decide that f. Since 6.56 > 2.90,
aA > 0 B; otherwise, there is decide that I is greater

no reason to believe than oB at a 95% confidence

cA > oB at a 100(1-a)% level.

confidence level.

7.3.1.5 ANALYSIS

If F > UC', the null hypothesis that oA > oB is accepted;
otherwise, there is no reason to believe OA > qB at a 100(l-ca)% confidence
level.

7.3.2 DETERMINATION OF SAMPLE SIZE

7.3.2.1 OBJECTIVE

To determine the Nt required to determine whether GA is greater
than y OB (or less than y cB) at the desired confidence level.

7.3.2.2 DATA REQUIRED

None.

7.3.2.3 PROCEDURE

a. Choose a and 6, the probabilities of making Type I and Type
II errors respectively.

b. Estimate sA and sB based on experience or comparable items.

c. Divide SA by sB to obtain y, in intermediate value.

d. Use Table B-12, page 2-41, to obtain Nt which corresponds
to y and the chosen value of a and S. If one of these values is not contained
in the table, continue with step e.

e. Use Table B-4, page 2-4,to obtain Z,_., and ZI_-.

f. Compute Nt as follows:

(1) Add Z1  and Z_,..

(2) Divide step (1) by the natural logarithm of step c
(In Y).

(3) Square step (2).
(4) Add 2 to step (3) and round up.

g. Conclude that Nt samples are required to determine whether 7A
is greater than - -B (or is less than ' -B)at the desired confidence level.
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NOTE: When y > 1, then sA is greater than SB; and the null
hypothesis is that OA > aB. When y < 1, then sA is less
than SB; and the null hypothesis is that GA < Y cB.

7.3.2.4 EXAMPLE

Procedure: Example:

a. Choose a and f. a. a - .05
1-a - .95
8 - .20
1-8 - .80

b. Estimate sA and sB. b. sA - 6.0

SB- 4.8

c. Compute: C. 6.0

Y S/sB 1.250

d. Use Table B-12, page 2-41, d. Since y - 1.250 is not
to obtain Nt which corresponds contained in Table B-12, page 2-41,
to y and the chosen values of continue with step e.
a and B. If one of these
values Is not contained in the
table, continue with step e.

e. Use Table B-4, page 2-4, e. Z. 9 5 - 1.645
to obtain Zia- and Z1_6. Z. 8 0 - .840

f. Compute: f.

Nt = 2 + - -)2Nt 2 + 1.645+.840\ 2
(tn 2 (y)2 in 1.25 )

- +(2.485 2
k.2231

= 2 + (11.14)2

- 2 + 124.1

= 126.1

= 127

g. Conclude that Nt samples are g. Conclude that 127 samples
required to determine whether of eacn item must be tested

JA >yaB (or OA < Y OB) at a in order to determine whether
l00(l-a)% confidence level. OA > 1.25 a. at a 95% confidence

level.

7.3.2.5 ANALYSIS

a. Initial Nt.
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At specified significant levels of a and 6, Nt samples are
required to determine whether oA > y oB (rr CA < y oB). As y approaches 1,
a very large sample size is required.

b. Adequacy of Nt.

(1) sA greater than sB.
After the initial Nt samples have been tested, sA and

sB must be computed. Their ratio (sA/SB) must then be
computed and compared to the initial ratio determined
for the initial Nt. If the computed ratio is greater
than the initial ratio, the initial Nt is adequate;
however, if the computed ratio is less than the
initial ratio, t~e initial Nt is inadequate. If Nt
is inadequate, Nt must be recomputed using the computed
ratio in place of the initial ratio; and additional
samples must be tested if possible.

(2) SA less than sB.

After the initial Nt samples have been tested, sA and

sB must be computed. Their ratio (SA/SB) must t'hen be
computed and compared to the initial ratio determined
for the initial Nt. If the computed ratio is less than
the initial ratio, the initial Nt is adequate; however,
if the computed ratio is greater than the initial ratio,
the initial Nt is inadequate. If Nt is inadequate, Nt
must be recomputed using the computed ratio in place
of the initial ratio; and additional samples must be
tested if possible.

8. PROPORTION

For some kinds of tests there may be no wa" to obtain actual
measurements. An item may be subjected to a test when the result of that
particular test can be expressed only in terms of a pre-established classi-
fication of possible results. The simplest kind of classification, and
the one most widely used, consists of just two mutually exclusive cate-
gories; e.g., success and failure or perfect and defective. The ratio
generated, the number of items having the characterist'c divided by N,
is known as a proportion (P) or a success-attempt ratio. In all examples
P is computed relative to failures (f); however, other variables, sIch as
successes, may be substituted.

8.1 ESTIMATE OF THE POPULATION PROPORTION (P)

8.1.1 BEST SINGcLE ESTIMATE of T1

8.1.1.1 OBJECTIVE

To determine the best point estimate of the population
proportion ().
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8.1.1.2 DATA REQUIRED

N and the number of elements possessing the given characteristic.

8.1.1.3 PROCEDURE

a. Divide the number of sample items which have the characto-cistic
by the total number of items in the sample.

b. Conclude that P is the best estimate of the proportion of
population of items which will have the given characteristics.

8.1.1.4 EXAMPLE

Given:

N= 10

f= 4

Procedure: Example:

a. Compute: a. P - f/N

P = zharacteristic/N = 4/10

-.4

b. Conclude that P is the best b. Concludp that .4 is the
estimate of the proportion of best estimate of ý, the fraction
population items which will have of population items that will
the given characteristic, fail.

8.1.1.5 ANALYSIS

The best single estimate of A is the observed proportion of
items having this characteristic in a random sample from the population;
i.e., the number of sample items which have the characteristic divided by
the total number of items in the sample.

8.1.2 CONFIDENCE INTERVAL ESTIMATES

8.1.2.1 TWO-SIDED INTERVAL FOR N • 30

8.1.2.1.1 OBJECTIVE

To determine a two-sided confidence interval which is expected
to bracket at the desired confidence level when N is equal to or less than
30.

8.1.2.1.2 DATA REQUIRED

N and the number of elements possessing the given characteristic.

8.1.2.1.3 PROCEDURE

a. Choose the desired confidence level.
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b. Use Table B-13, page 2-43, to obtain the UCL and LCL which
correspond to N and the number of elementq possessing the giv.., %haLactLeristic
at the desired confidence level.

c. Conclude that A is equal to or between the UCL and LCL at the
desired confidence level.

8.1.2.1.4 EXLMPLE

Given:

N - 10 (N . 30)

f-4

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-a). l-a - .95

b. Use Table B-13, page 2-43, b. For N - 10, f 4, and
to obtain the UCL and LCL which 1-a - .95,
correspond to N and the number
of elements possessing the given U .8
characteristic at a i00(1-(%)% LOL .150
confidence level. - .1

c. Conclude that A I UCL and c. Conclude that A 4 .8 and
A I LCL at a l00(l-a)% confidence A 1 .1 at a 95% confidence

level, level.

8.1.2.1.5 ANALYSIS

The two-sided interval surrounds A such that ý t UCL and A I

LCL at a l00(1-a)% confidence level.

8.1.2.2 TWO-SIDED INTERVAL FOR N > 30

8.1.2.2.1 OBJECTIVE

To determine a two-sided confidence interval which is expected
to bracket at the desired confidence level when N is greater than 30.

8.1.2.2.2 DATA REQUIRED

N and the number of elements possessing the given characteristic.

8.1.2.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-4, page 2-4, to obtain Zl_,•/2.

c. Compute P (see paragraph 8.1.1.3, page 79).

d. Compute the UCL and LCL as follows:

(1) Multiply P by the quantity (I-P).
(2) Divide step (I) by N.
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(3) Find the square root of step (2).
(4) Multiply step b by step (3).
(5) Add step (4) to P to determine the UCL and subtract

step (4) from P to determine the LCL.
e. Conclude that X is equal to or between the UCL and LCL at

the desired confidence level.

8.1.2.2.4 EXAMPLE

Given:

N - 150 (N > 30)
f - 60

Procedure: Example:

a. Choose the confidence a. a = .10
level (1-a 1-a = .90

1-a/2= .95
b. Use Table B-4, page 2-4, b. Z.9 5 = 1.645
to obtain Zl_•/2.

c. Compute: c. P = 60/150
P - characteristic/N = .40

d. Compute: d.
• • ~~(I-P)5 4(_)

UCL - P+ZI __/ N UCL = .40+1.645
150

= .40+1.645 4(.6)

ý-150

= .40+1.645 24

4 .0--1. 6 451,f- 0 -1

= .40+1.645(.04)

= .40+.07

= .47

LC! P-ZI-a/2 (N-P) LCL = .40-1.645J"(' -5 .4)

= .40-1.645(.04)

= .40-.07

= .33
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e. Conclude that X - UCL and e. Conclude that A 9 .47 and
A a LCL at a lO0(l-a)% confidence X A .33 at a 90% confidence level.
level.

8.1.2.2.5 ANALYSIS

The two-sided interval surrounds X such that A - UCL and X ; LCL
at a 100(1-a)% confidence level.

8.1.2.3 ONE-SIDE INTrRVAL FOR N • 30

8.1.2.3.1 OBJECTIVE

To determine a one-sided confidence interval such that 'ý is
equal to or less than the UCL (or equal to or greater than the LCL) at the
desired contidence level when N is equal to or less than 30.

8.1.2.3.2 DATA REQUIRED

N and the number of elements possessing the given characteristic.

8.1.2.3.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-14, page 2-50, to obtain the UCL (or the LCL)
which corresponds to N and the number of elements possessing the given
characteristic at the desired confidence level.

c. Conclude that ý is equal to or less than the UCL (or equal
to or greater than the LCL) at the d,3ired confidence level.

8.1.2.3.4 EXAMPLE

Given:

N = 10 (N : 30)

f =4

Procedure: Example:

a. Choose the confidence a. A = .05
level (1-A). 1-A = .95

b. Use Table B-14, page 2-50. b. For N = 10, f = 4, and 1 - =

to obtain the UCL (or the LCL)
which corresponds to N and the UCL .696
number of elements possessing
the given characteristic at (or LCL 1 - .850
a 100(1-L)% confidence level.

= .150

c. Conclude that C CL (or c. Conclude that • .696
Sz LCL) at a l00(1-L07 confi- (or ' - .150) at a 95" confidence
dence level. level.
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8.1.2.3.5 ANALYSIS

The one-sided interval surrounds ý such that X • UCL
(or A a LCL) at a 100(1-a)% confidence level.

8.1.2.4 ONE-SIDED INTERVAL FOR N > 30

8.1.2.4.1 OBJECTIVE

To determine a one-sided confidence interval such that ý is equal
to or less than the UCL (or equal to or greater than the LCL) at the desired
confidence level when N is greater than 30.

8.1.2.4.2 DATA REQUIRED

N and the number of elements possessing the given characteristic.

8.1.2.4.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-4, page 2-4, to obtain ZjA.

c. Compute P (see paragraph 8.1.1.3, page 79).

d. Compute the UCL (or LCL) as follows:

(1) Multiply P by the quantity (1-P).
(2) Divide step (I) by N.
(3) Find the square root of step (2).
(4) Multiply step b by step (3).
(5) Add step (4) to P to obtain the UCL (or subtract step

(4) from P to obtain the LCL).

e. Conclude that is equal to or less than the UCL (or equal
to or greater than the LCL) at the desired confidence level.

8.1.2.4.4 EXAMPLE

Given:

N = 150 (N > 30)
f = 60

Procedure: Example:

a. Choose the confidence a. j = .10
level (1-1). 1-1 = .90

b. Use Table B-4, page 2-4, b. Z.• = 1.282
to obtain Z.

c. Compute: c. P f/N

P = characteristic/N = 60/150

= .40
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d. Compute: d. UCL - .40+1.282/"4(1 - .4)
/_ 150

P(1-P)
UCL = P+Z1 !_, - .40+1.282 "

/,4 N 150

= .40+1.282 .24

" .40+1.282 /,j 0016

- .40-1. 182(.04)

= .40+.0')

= .45

(or LCL P-Z. P(1-P) (or LCL = .40 - .)5
'' N

= .35)

e. Conclude that • UCL (or e. Conclude that .45 (or
" 21 LCL) at a 100(1-x)% confi- ;- .35) at a 90%. confidence
dence level. level.

8.1.2.4.5 ANALYSIS

The one-sided interval surrounds ý such that • UCL
(or LCL, at a l00(l-i)/ confidence level.

8.1.3 SAMPLE SIZE REQUIRED TO ESTIMATE THE POPULATION PROPORTION

8.1.3.1 SAMPLE S:7E VITH A SPECIFIED LIMIT OF ERROR IN BOTH DIRECTIONS

8.1.3.1.1 OBJECTIVE

To deternine the Nt required in nrder to state that is equal
to or between P + and P - at the desired confidcnce level.

8.1.3.1.2 DATA REQUIRED

None.

8.1.3.1.J !'R)CLEDUR'F

a. Choesr the desired confiýL_ ,n .'

b. (Chooý thie alluwaible :,oun'to f c~rrr.

c. (;,', va io.- for P in t 'ic ,linoin.z ;-. nr:

1 If Tno pr i r 0 ' , .i0V 1 1 J1 • I ,l i is
b- i"1 loa Lct in ti, i ' , r'!Ir od ( )d 0. , IS' : . .

"Ph, jar .,-t .m . . 'i t r Oquir, wC I It.
marc] 1K ml" r.,,s<",' i, ruK-t K ti." t o a+ ,s : a,, '; . i~, t i'v'-

.t< !'," <-" '4'
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(2) If A can safely be assumed to be less than o.5, let P
be the largest reasonable guess for A.

(3) If A can safely be assumed to be breater than 0.5, let
P be the smallest reasonable guess for A.

d. Use Table B-4, page 2-4, to obtain Zl-a/2

e. Compute Nt as follows:

(1) Square step d.
(2) Multiply P by the quantity (l-P).
(3) Multiply step (1) by step (2).
(4) Square e.
(5) Divide step (3) by step (4).
(61 Round the result of step (5) up to the next whole number.

f. Conclude that Nt samples are required in order to state that
A is equal to or between P 4 c and P - e at the desired confidence level.

8.1.3.1.4 EXAMPLE

Procedure: Example:

a. Choose the confidence a. a - .10
level (1-a). 1-c/z . .95

b. Choose e. b. e - .10

c. Choose P. c. P - 0.5

d. Use Table B-4, page 2-4, d. Z. 9 5 = 1.645
to obtain Z'.'a/2.

e. Compute: e.

Nt = (Zla12)2 (P)(l-P) (1.645)2(.5)(l-.5)
(.10)2

(2.706) (.5) (.5)

.01
(2.706)(.25)

.01
.6765

.01

- 67.65

= 68

f. Conclude that Nt samples are f. If 68 samples are tested and
required in order to state that P computed, conclude that X , p +
A : P + E and X - P - £ at a .10 and A i p - .10 at a 90%
100(1-a)% confidence level, confidence level.
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8.1.3.1.5 ANALYSIS

If Nt samples are tested and P is computed, conclude that A I P +
c and A a P - c at a 100(1-a)% confidence level.

8.1.3.2 SAMPLE SIZE WITH A SPECIFIED LIMIT OF ERROR IN ONLY ONE DIRECTION

8.1.3.2.1 OBJECTIVE

To determine the Nt required in order to state that X is equal
to or less than P + c (or equal to or greater than P - c) at ;he desired
confidence level.

8.1.3.2.2 DATA REQUIRED

None.

8.1.3.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Choose the allowable amount of error.

c. Choose the value of P in the following manner:

(1) If no prior information is available and if A is
believed to be in the neighborhood of 0.5, use P - 0.5.
The largest sample size will be required when P - 0.5,
and the purpose of the rules is to be as conservative
as possible.

(2) If A can safely be assumed to be less than 0.5, let
P be the largest reasonable guess for A.

(3) If A can safely be assumed to be greater than 0.5, let
P be the smallest reasonable guess for A.

d. Use Table B--4, page 2-4, to obtair Zlu.

e. Compute Nt as follows:

(1) Square step d.
(2) Multiply P by the quantity (1-P).
(3) Multiply step (1) by step (2).
(4) Square c.
(5) Divide step (3) by step (4).
(6) Round the result of step (5) up to the next whole number.

f. Conclude that Nt samples are required in order to state that
A is equal to or less than P + E (or equal to or greater than P - E) at the
desired confidence level.

8.1.3.2.4 EXAMPLE

Procedure: Example:

a. Choose the confidence level a. ci - .10
i-a). I-c - .90
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b. Choose e. b. e = .10

c. Choose P. c. P - 0.5

d. Use Table B-4, page 2-4, d. Z. 9 0 - 1.282
to obtain Zl_..

e. Compute: e.

(Z 1 ,)2(P)(l-P) (1.282)2(0.5)(1-0.5)Nt -Nt -
t2 (.10)2

(1.644)(0.5)(0.5)

.01

(1.644)(.25)
.01

.4110

.01

= 41.10

-42

f. Conclude that Nt samples are f. If 42 samples are tested and P
required in order to state that computed, conclude that X I P +
X f P + E or (X a P - E)at a .10 at a 90% confidence level.
100(l-a)% confidence level.

8.1.3.2.5 ANALYSIS

If Nt samples are tested and P is computed, X I P + E (or
X a P - E) at a 100)l-a)% confidence level.

8.2 COMPARING AN OBSERVED PROPORTION (P) TO A REQUIREMENT (00 )

a. An observed proportion is generated from a sample and is
representative of A. This value of P is then compared to a stated re-
quirement (Ao). However, looking at the values of P and X0 to decide whether
A is greater than A0 or A is less than ýo at a confidence level is insuffi-
cient. Since the decision pertains to the population, statistical tests must
be applied to P to determine whether X is greater than A0 or X is less than
A0 .

b. There exist two possibilities for the relationship of
P to X0 . Following are the assumptions and the circumstances for each
possible relationship:

(1) P •reater than Ao.

(a) The null hypothesis is A is greater than A0 .
(b) The alternative hypothesis is there is no reason

to believe X is greater than Xo.
(c) The use of this test is appropriate when \O is a

maximum value for A to sitisfy. In the event that
A must not be greater than A0 , this test would be
appropriate.
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(2) P is less than Ao.

(a) The null hypothesis i3 A is less than Ao.
(b) The alternative hypothesis is theze is no reason

to believe A is less than A0.
(c) The use of this test is appropriate when Ao is a

minimum value for A to satisfy. In the event that
A must meet or exceed Ao, this test would be
appropriate.

8.2.1 P GREATER THAN A,

8.2.1.1 SMALL SAMPLE SIZE

8.2.1.1.1 OBJECTIVE

To determine whether A is greater than Ao at the desired con-
fidence level when N is equal to or less than 30.

8.2.1.1.2 DATA REQUIRED

Success-failure data.

8.2.1.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-14, page 2-50, to obtain the LCL which corresponds
to N and the number of elements possessing the given characteristic at the
desired confidence level.

c. If Ao is less than the LCL, decide that A is greater •han Ao;
otherwise, there is no reason to believe A is greater than Ao at the desired
confidence level.

8.2.1.1.4 EXAMPLE

Given:

N = 20 (N r 30)
f 3
AO " .100

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-a). 1-a - .95

b. Use Table B-14, page 2-50, b. For L-a - .95, N - 20, and
to obtain the LCL which corresponds N-f - 17, the tabled value is
to N and the number of elements .958. This must be subtracted
possessing the given from 1; hence,
characteristic at a 100(1-a)% LCL - 1 - .95.
confidence level. - .042
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c. If A0 < LCL, decide that A > Ao; c. Since .100 1 .042, decide
otherwise, there is no reason to that there is no reason to believe
believe A > X0 at a 100(1-a)% A > .100 at a 95% confidence level.
confidence level.

8.2.1.1.5 ANALYSIS

If Ao < LCL, the null hypothesis that A > X0 is accepted;
otherwise, there is no reason to believe A > Ao at a 100(l-a)% confidence
level.

8.2.1.2 LARGE SAMPLE SIZE

8.2.1.2.1 OBJECTIVE

To determine whether A is greater than Ao at the desired con-
fidence level when N is greater than 30.

8.2.1.2.2 DATA REQUIRED

Success-failure data.

8.2.1.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute Z as follows:

(1) Multiply A0 by N.
(2) Subtract step (1) from the number of items having the

given characteristic.
(3) Add .5 to step (2).
(4) Multiply the quantity (1-Ao) by step (1).
(5) Divide step (3) by the square root of step (4).

c. Use Table B-4, page 2-4, to obtain Zj_., which is the UCL.

d. If Z is greater than the UCL, decide that A is greater than
Ao; otherwise, there is no reason to believe X is greater than A0 at the
desired confidence level.

8.2.1.2.4 EXAMPLE

Given:

N = 100 (N > 30)
f =7
AO = .06

Procedure: Example:

a. Choose the confidence a. a = .10
level (1-(x). 1-i = .90
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b. Compute: b.

f-NAo+. 5 7-100(.06)+.5Z- n

JT No (-To) 0 100.06)(-.06)

7-6+. 50

,TT 6 (.94)

1.50
rj -5.

1.50
2.375

- .633

c. Use Table B-4, page 2-4, c. Z. 9 0 - 1.282
to obtain Zl_.. UCL - 1.282

fIdl, 71 -

d. If Z > UCL. decide that d. Since .633 1 1.282, decide
"X > Ao; otherwise, there is that there is no reason to believe

no reason to believe A > A0  A > .06 at a 90% confidence level.
at a 100(l-a)% confidence level.

8.2.1.2.5 ANALYSIS

If Z > UCL, the null hypothesis that A > X0 is accepted; other-
wise, there is no reasor. to believe A > A0 at a l00(l-a)% confidence level.

8.2.2 P LESS THAN Ao

8.2.2.1 SMALL SAMPLE SIZE

8.2.2.1.1 OBJECTIVE

To determine whether X is less than A0 at the desired confidence
level when N is equal to or less than 30.

8.2.2.1.2 DATA REQUIRED

Success-failure data.

8.2.2.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-14, page 2-50, to obtain the UCL which
corresponds to N and the number of elements possessing the given character-
istic at the desired confidence level.

c. If A0 is greater than the UCL, decide that A is less than
Ao; otherwise, there is no reason to believe A is less than X0 at the desired
confidence level.

8.2.2.1.4 EXAMPLE

Given:

N - 20 (N a 30)
f- 3
A0 " .200
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Procedure: Example:

a. Choose the confidence a. a - .05
level (l-a). 1-a - .95

b. Use Table B-14, page 2-50, b. For 1-a - .95, N = 20, and
to obtain the UCL which corres- f - 3,
ponds to N and the number of UCL - .344
elements possessing the given
characteristics at a 100(1-a)%
confidence level.

c. If Ao > UCL, decide that c. Since .200 $ .344, decide
X < Ao; otherwise, there is that there is no reason to
no reason to believe A < X0  believe X < .200 at the 95%
at a l00(l-a)Z confidence level, confidence level.

8.2.2.1.5 ANALYSIS

If Xo > UCL, the null hypothesis that X < A0 is accepted;
otherwise, there is no reason to believe X < Ao at a 100(1-a)% confidence
level.

8.2.2.2 LARGE SAMPLE SIZE

8.2.2.2.1 OBJECTIVE

To determine whether A is less than Xo at the desired confidence
level when N is greater than 30.

8.2.2.2.2 DATA REQUIRED

Success-failure data.

8.2.2.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute Z as follows:

(1) Multiply Ao by N.
(2) Subtract step (1) from the number of items having the

given characteristic.
(3) Subtract .5 from step (2).
(4) Multiply the quantity (1-Ao) by step (1).
(5) Divide step (3) by the square root of step (4).

c. Use Table B-4, page 2-4, to obtain Za, which is the LCL.

d. If Z is less than the LCL, decide that A is less than Ao;
otherwise, there is no reason to believe A is less than Xo at the desired
confidence level.

8.2.2.2.4 EXAMPLE

Given:

N 1 100 (N > 30)
f A 7Xo . 0 8 _ 1
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Procedure: Example:

a. Choose the confidence a. a - .10
level (1-a). 1-a = .90

b. Compute: b.

f-Nxo-.5 Z a 7-100(.08)-.5
,,J ~o (-•o1r,/lO(.08) (1-. o8)

7-8-.5

tJ 8 (.9 2)

-1.5

-1.5

2.71

= -. 554

c. Use Table B-4, page 2-4, c. Z.10 - -1.282
to obtain Za. LCL --1.282

LCL - 2a

d. If Z < LCL, decide that d. Since -. 554 j -1.282, decide
A < Ao; otherwise, there is that there is no reason to
no reason to believe X < Ao believe A < .08 at a 90%
at a 100(1-a)% confidence level, confidence level.

8.2.2.2.5 ANALYSIS

If Z < LCL, the null hypothesis that A < Ao is accepted; other-
wise, there is no reason to believe A < Ao at a 100(1-a)% confidence level.

8.2.3 DETERMINATION OF SAMPLE SIZE

8.2.3.1 OBJECTIVE

To determine the Nt required to determine whether ) is equal
to or greater than No + E (or equal to or less than A - e) at the desired
confidence level.

8.2.3.2 DATA REQUIRED

which is known from a standard item, history, or Requirements
Document.

8.2.3.3 PROCEDURE

a. Choose a and ý, the probabilities of making Type I and Type 1I
errors respectively.

b. Choose the allowable amount of error.

'. Estimate the test item proportion by adding E to
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d. Use Table B-15, page 2-54, to obtain 81, which correspondsto P, and e0 , which corresponds to X.
e. Compute d2 , an intermediate value, as follows:

(1) Subtract 60 from 91.
(2) Square Step (1).

f. Use Table B-4, page 2-4, to obtain Zj-, and ZI_6.
g. Compute Nt as follows:

(1) Add Zj_, to Zj_6.
(2) Square step (1).
(3) Divide step (2) by step e.(4) Round step (3) to the next larger whole number.

h. Conclude that Nt samples are required to determine whetherA is equal to or greater than Ao + e (or equal to or less than Ao e) atthe desired confidence level.

8.2.3.4 EYAMLE

Given:

A - .41
Procedure: 

Example:
a. Choose a and 8. a. a - .05

1-a - .95
8 - .20
1-8 a .80b. Choose e. e - .23

c. Estimate P as follows: c. P - .41 + .23
P-A-+iC 

- .64
d. Use Table B-15, page 2-54, d. For P - .64,to obtain 01 , which corresponds to 01 - 1.85P, and e0 , which corresponds to X. For A - .41,

00 - 1.39e. Compute: e. d2 _ (1.85-1.39)2
d2 _ (0 1-_0 ) 2  

- (.46)2

"- .2116
f. Use Table B-4, page 2-4, f. Z.95 - 1.645
to obtain Zi_a and Z 1_0.

Z.0- .840

-93-

.J"



I I I I I

MTP 3-1-005
1 March 1972

g. Compute: 9.

Nt

d2 .2116

(2.485)2

.2116

6.1752
.2116

- 29.18

- 30

h. Conclude that Nt samples are h. Conclude that 30 samples
required to determine whether for A known and equal to .41
Sa Xo + c (orA X Xo - E) at a must be tested in order to
100(1-a)% confidence level, determine whether X i Ao + .23

at a 95% confidence level.

8.2.3.5 ANALYSIS

Nt samples are required to determine whether A a Ao + c (or
A g Ao - c) at a 100(l-a)% confidence level.

8.3 COMPARING TWO OBSERVED PROPORTIONS

a. An observed proportion is generated From a sample and is
representative of A. This value of P is then required to meet a standard
item P which is representative of the standard item's population. Looking
at the values of the proportions (PA and PB) to decide whether AA is
greater than AB or AA is less than XB at a confidence level is insufficient.
Since the decision pertains to the populations, statistical tests must be
applied to determine whether ýA is greater than AB or AA is less than AB.
The statistical tests use the sample proportions as estimates of the
population proportions.

b. Type A generally represents the test item and Type B the
standard item when testing the hypothesis that AA is greater than .B- How-
ever, to prove that the average performance of the test item is less than
that of the standard item, Type A must represent the standard item so that
the hypothesis, XA is greater than AB, can be tested.

c. When the null hypothesis is AA is greater than AB, the
alternative hypothesis is there is no reason to believe that AA is greater
than ýB.

d. The use of this test is appropriate when AB is a maximum
value for ýA to FItisfy.

8.3.1 PA GREATER THAN ?B

8.3.1.1 SMALL SAMPLE SIZE
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8.3.1.1.1 OBJECTIVE

To determine whether XA is greater than XB at the desired con-

fidence level when neither NA nor NB is greater than 20.

8.3.1.1.2 DATA REQUIRED

Success-failure data.

8.3.1.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Arrange the data as in Table A-4a, Part I, page 1-11.

c. Focus on the class of interest and compute the following

intermediate values:

(1) hA, the ratio of the class of interest to the sample
size for Type A; i.e., hA = IA/NA or hA = IIA/NA.

(2) hB, the ratio of the class of interest to the sample

size for Type B; i.e., hB = IB/NB or hB = IIB/NB.

d. If hA is greater than hB, continue with step e; however,
if hA is not greater than hB, decide that the data give no reason to believe
that AA is greater than XB at the desired confidence level.

e. Arrange the data so that the results of the larger sample

are in the first row (see Table A-4a, Part II, page 1-11.

f. Compute the following intermediate values:

(1) hl, the ratio of class I to the sample size for the
item having the larger sample size; i.e., hl - II/Nj.

(2) h 2 , the ratio of Class I to the sample size for the
item having the smaller sample size; i.e., h2 - 12 /N 2 .

(3) gj, the ratio of class II to the sample size for the
item having the larger sample size, i.e., gI - III/Nj.

(4) g2 , the ratio of class II to the sample size for the
item having the smaller sample size; i.e., g 2 - 11 2 /N 2 .

g. Focus attention on that class (I or II) which produces a
proportion for the larger sample which is larger than or equal to the
respective proportion for the smaller sample. Depending on the class choseu•,
let I1 (or III) equal a,, an intermdeiate value, and 12 (or 112) equal a 2 ,
an intermediate value.

h. Use Table B-16, page 2-55, to obtain a tabled a 2 which

corresponds to the two sample sizes and a, at the desired confidence level.

i. If a 2 from step g is less than or equal to the table a2,
decide that XA is greater than X'B with regard to the class of interest;

otherwise, there is no reason to believe AA is greater than AB at the desired

confidence level.

8.3.1.1.4 EXAMPLE

Given:
Sample data at Table A-4a, Part I, page 1-11.
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Procedure: Example:

a. Choose the confidence a. a - .05
level (1-a). 1-a - .95

b. Arrange the data. b. See Table A-4a, Part I,
page 1-11.

c. Focus on the class of c. Focus on class II.
interest and compute one
of the following: hA - 2/6

(1) Class I. .333

hA - IA/NA - .3

hB = IB/NB hB 2/10

(2) Class II = .200

hA IIA/NA - .2

hB a IIB/NB

d. If hA > hB, continue with d. Since .3 > .2, continue
step e. If hA < hB, decide that the with step e.
data give no reason to believe that
AA is greater than XB with respect
to the class of interest at a
100(1-a)% confidence level.

e. Arrange the data so that e. See Table A-4a, Part II,
the results of the larger sample page 1-11.
are in the first row.
f. Compute: f. hI 8/10

hl - It/Nj - .800

h2 - 12 /N 2  -. 8

g, - III!NI h2  4/6
92 - 11 2 /N 2  - .667

.7
g a 2/10

- .200

S.2

92 2/6

- .333

- .3
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g. (1) If h1 a h2 , focus g. Since .8 > .7, focus
attention on class I with attention on class I.

a 1 - 1I a1 - 8

a2 a 12 a2 - 4

(2) If g1 Z g2 , focus
attention on class II with

a1 - III

a 2 - I12

h. Use Table B-16, page 2-55, h. For N, - 10, N2 - 6,
to obtain a tabled a2 which
corresponds to N1, N2 , and aa the tabled a2 - 1.
at a 100(1-a)% confidence
level.

NOTE: Since this is a
one-sided test, use
the a which is not
in parentheses.

i. If a2 i the table value of i. Since 4 < 1, decide
a 2 from step h, decide that that there is no reason
XA > AB with respect to the to belicve XA > AB
original class of interest; with respect to the number
otherwise, there is no reason of failures at a 95% confi-
to believe AA > XB with dence level.
respect to the original class
of interest at a l00(l-a)%
confidence level.

8.3.1.1.5 ANALYSIS

If a 2 A table value of a 2 , the null hypothesis that XA > XB is

accepted; otherwise, there is no reason to believe XA > AB at a 100(1-a)%
confidence level. In the event that the confidence level desired is not
within the scope of Table B-16, page 2-55, the test for the large sample size
must be applied. The results will not be as accurate but will still be
useful. In the event that a1 or a 2 or both are missing for the given sample
sizes and confidence level in Table B-16, page 2-55, conclude that the
sample s 3re considered insufficient for accepting or rejecting the
null hyp., hesis.

8.3.1.2 !?ARGE SAMPLE SIZE

8.3.1.2.1 OBJECTIVE

To determine whether XA is greater than XB at the desired con-
fidence level when either NA or NB is greater than 20.

8.3.1.2.2 DATA REQUIRED

Success-failure data.
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8.3.1.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-7, page 2-12, to obtain Xia for 1 d.f.

c. Add NA to NB to obtain TN, an Intermediate value.

d. Compute AB, an intermediate value, as follows:

(1) Multiply IA by IIB.
(2) Multiply IB by IIA.
(3) Subtract step (2) from step (1) and take the absolute

value of the difference (disregard the sign).

e. ^ompute J, an intermediate value, as follows:

(1) Add TA to IB to obtain TI, an intermediate value.
(2) Add 1IA to IIB to obtain T11 , an intermediate value.
(3) Multiply NA, NB, TI, and TII together.

f. Compute x2 as follows:

(1) Divide step c by 2.
(2) Subtract step (1) from step d.
(3) Square step (2).
(4) Multiply step (3) by step c.
(5) Divide step (4) by step e.

g. Focus on the class of interest and compute the following
intermediate values:

(1) hA, the ratio of the class of interest to the sample
size for Type A; i.e., hA - IA/NA or hA N2

(2) hB, the ratio of the class of interest to the sample
size for Type B; i.e., hB = IB/NB or hB - IIB/NB.

h. If X2 is greater than or equal to x; for 1 d.f. and hA iS
larger Lhan hB , decide that AA is greater than AB with regard to the class
of interest; otherwise, there is no reason to believe AA is greater than •B
at the desired confidence level.

8.3.1.2.4 EXAMPLE

Given:

Sample data at Table A-4b, page 1-11.

Procedure: Example:

a. Choose the confidence a. a - .10
level (1-0). 1-a - .90

b. Use Table B-7, page 2-12, b. X2 .20 for I d.f. - 1.64
to obtain x• for 1 d.f.

c. Compute: c. TN - 216 + 216

TN = NA+NB = 432

-98-



MTP 3-1-005
1 March 1972

d. Compute: d.
AB -1IA IB- IB IIAl AB 1 I(181)(56)-(160)(35)1

" B~ - 110,136 - 5,600

= 4,536

e. Compute:
J - (NA) (T I) (T I) (NB) e. J - (216)(341)(91)(216)IO e - (73,656)(91)(216)

f. Com-ute: - 1,447,782,336

X2 = TN(AB - TN 432(4536_216)2x 2f. X2 - 3(53"l)

• 2 1,447,782,336

432(4,320)2

1,447,762,336

432(18,662,400)

1,447,782,336

8,062,156,800

1,447,782,336

- 5.5686

- 5.57
NOTE: The formula for X2

has been broken down
for simplicity and
the complete formula is

(NA+NB) ( IIAIIBIBIIA NA+NB )2

(NA) (IA+IB) (IIA+IIB)4B

g. Focus on the class of interest and g. Focus on class I.
compute one of the following: hA - 181/216

(1) Class I - .83796

hA = IA/NA - .838

hB - IB/NB hB -160/216

(2) Class II - .74074

hA - IIA/NA .741

hB - IIB/NB

h. If X2 a 3 for 1 d.f. and h. Since 5.57 1 1.64 and
hA > hB, decide that AA > AB .838 > .741, decide that the
with regard to the class of proportion of hit.. for AA > ýB
interest; otherwise, there is at a 90% confidence level.
no reason to believe AA > XB
at a l00(l-a)% confidence level.
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8.3.1.2.5 ANALYSIS

If X2 a X2  for 1 d.f. and hA > hB, the null hypothesis that2AA > AB is accepted; oRherwise, there is no reason to believe AA > AB at a
l00(1-a)Z confidence level. The sample size for PA or PB must exceed 20. If
the confidence level desired is unavailable for PA and PB less than 20, the
chi-square test will be used to test XA > XB.

8.3.2 DETERMINATION OF SAMPLE SIZE

8.3.2.1 OBJECTIVE
To determine the Nt (Nt-NA-NB) required to determine whether XA.

is equal to or greater than AB + C (or equal to or less than A8 - c) at the
desired confidence level.

8.3.2.2 DATA REQUIRED

None.

8.3.2.3 PROCEDURE

a. Choose a and 8, the probabilities of miking Type I and Type II
errors respectively.

b. Choose the allowable amount of error.

c. Estimate one of the proportions, either PA or PB.
Make this estimate as close to 0.5 as is reasonable.

d. Compute the other proportion as follows:

(1) If PA is estimated, subtract step b from PA to obtain PB-
(2) If PB is estimated, add step b to PB to obtain PA.

e. Use Table B-15, page 2-54, to obtain 8A, which corresponds

to PA, and eB, which corresponds to PB.
f. Compute d2 , an intermediate value, as follows:

(1) Subtract 8B from OA.
(2) Square step (1).

g. Use Table B-4, page 2-4, to obtain Zl_, and ZIS.
h. Compute n, an Intermediate value, as follows:

(1) Add Zl_, to Z1_6.

(2) Square step (1).
(3) Divide step (2) by step f.
(4) Round step (3) up to the next whole number.

i. Multiply step h by 2 to obtain Nt.

J. Conclude that Nt samples are required to determine whether
ýA is equal to or greater than XB + c (or equal to or less than XB - E) at
the desired confidence level.
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8.3.2.4 EXAMPLE

Procedure: Example:

A. Choose a and L'. a. a - .05

I-,% " .95
6 - .20
1-6 , .80

b. Chooose . b. $ - .20

c. Est iLtmte PA or P"g. e. PA - .70

d. (1) lf PA Isl estimIted,- J. Since PA lis Ostim'lted,-

compute: PBR .70 - .20

PB A -P-

(2) If PH its esatimuted,
Comnput:

"PA - P R +
e. Ilse Table B-lS. page e.-. %4 *. For PA - .70,
to obttin tOA- which correpoid,,td
to PA. anti On. whiih corres1po11nds4 "A A .98
to P%.* For PH - SO.

t- 1.57

f . tompute: f. d" - t.98-1.f7)'"

d:- (A-i - (.41)-

g. II28t, rable 0-4. Pa -. '. g. :.,', I. - .45
to obt ain Z . And ' -. , 0 .840

h. Comput v

n - -" (I. t45+. 840)

.1681

6.17S

Its 81

, 17

1. Nt - 1 . Nt - 2, W1)
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J. Conclude that Nt samples J. Conclude that 74 samples
are required to determine of each item must be tested to
whether AA A AB + E (or determine whether AA I XB + .20
XA S AB - c) at a l00(l-a)% at a 95% confidence level.
confidence level.

8.3.2.5 ANALYSIS

a. Initial Nt.

Nt samples are required to determine whether XA I XB + e
(or AA B -X ) at a l00(l-a)% confidence level. Unfortunately, the
sample size required depends on the unknown population values of the two
proportions involved. Very often the experimenter has some idea of the
magnitude of (or an upper bound for) one of these values and then must
specify the size of the difference which the experiment is designed to
detect. The largest sample size is required when the true proportions are
in the neighborhood of 0.5. Thus, a careful examination must be made in
order to estimate the proportion accurately rather than arbitrarily using
a value close to .5 so that the sample size can be kept at a minimum.

b. Adequacy of Nt.

After the initial Nt has been tested, PA and PB must be
computed. Nt is then recomputed using the computed proportions in place
of the estimated proportions to determine whether the initial Nt was
adequate.

9. ACCURACY AND PRECISION

9.1 ACCURACY

9.1.1 OBJECTIVE

To determine the accuracy of a test item.

9.1.2 DATA REQUIRED

The aiming point (AP) or target, the coordinates of the points
of impact or points of burst, the set time, and the achieved time.

9.1.3 PROCEDURE

a. Case I: Cannon.

(1) Compute the mean point of impact (MPI) for ground
bursts as follows:
(a) Compute the mean of the eastings (EAST).
(b) Compute the mean of the northings (-N=).

(2) Compute the mean point of burst (POB) and the mean time
as follows:

(a) Compute EAST.
(b) Compute NORTH.

-in,-
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(c) Compute the mean of the heights (HEIGH-).
(d) Compute the mean time.

(3) List the MPI as the mean easting and mean northing (UWf,
NORTH) and the PO-• as the mean easting, mean northing,
and mean height (EAST, NORTH, HEIGHT).

(4) Compute the miss distance (m) for the MPI as follows:

(a) Subtract the AS-T from the AP easting (EAST AP).
(b) Square step (a).
(c) Subtract the N=T from the AP northing (NORTH A).
(d) Square step (c).
(e) Add step (b) to step Wd) and find the square root.

(5) Compute m and the miss time for the PO-B as follows:

(a) Subtract the EAST from the EASTAP*
(b) Square step (a).
(c) Subtract the NORTH from the NORTHAP*
(d) Square step (c).
(e) Subtract the HEIGHT from the AP height (HEIGHT AP).
(f) Square step (e).
(g) Add step (b) to step (d).
"(h) Add step (g) to step (f) and find the square root

to obtain the m.
(i) Subtract the set time from the mean time to obtain

the miss time.

b. Case II: Missile systems (limited sample).

(1) Plot each point of impact or point of burst relative
to its AP and determine the distance over or short and
the distance right or left.

(2) Compute the mean AP using all of the AP coordinates in
a given range band.

(3) Plot the points of impact or points of burst relative
to the mean AP, using the distances from step (I).

(4) Compute the MPI or POB and mean time for the points
relative to the mean AP.

(5) Compute m for MPI the same as for a cannon.
(6) Compute m and the miss time for the POB the same as for

a cannon.

9.1.4 EXAMPLE

a. Case I: Cannon.

Given:
AP: (2784,3501)

Sample data at Table A-la, page 1-1.

Procedure: Example:

(1) Compute the following for (1) (a) F\-T - 2565.67
the MPI: - 2566

(a) TAST
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./ (b) 1UR (b) m•P•'3256.47

.3256

(2) Compute the following for (2)
the ff":

(a) !
(b)
(c) fOf

(d) Mean time

(3) List the following: (3) MPI: (2566,3256)

(a) Mf I: =!~, NORTHf

(b) Mr: (-"t', 1NTI?, HEIGHT

(4) For the MPI, compute: (4)

- -- , (2784-2565.67)2+(3501-3256.47)2

A/(218.33)2+(244.53)2
,•,/47668+59795

- 327.82
- 328

(5) For the MT, computei (5)

(a) m /(EAST AP -• )2+(NCRTHAp--N--R-TH) 2+(HEIGHTAP-fTlXTG1) 2

(b) miss time - mean time - set time.

b. Case II. Missile systems (limited sample).

Given:

Sample data at Table A-5a, page 1-12.

Procedure: Example:

(1) Plot each point relative (1) (a) (2350,3100)
to its AP. (b) (1649,2031)

See Table A-5a, page 1-12
for complete list.

(2) Compute the mean AP. (2) EASTAP - 21548/10
- 2155

0RT6 - 22091/10
2209

(3) Plot each point relative (3) (a) (2005,2304)
to the mean A? (b) (2267, 2415)

See Table A-5a, page 1-12,
for complete list.
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(4) Compute: (4) MPI: (2148,2274)

(a) MPI. WAS 21482/10

(b) PO-B and mean time. - 2148.20

= 2148

NRTH - 22743/10

- 2274.30

- 2274

(5) Compute for the MPI: (5)

M "ST-AST) 2 + (NORTHA -No-RTH) 2

'W,./(2154. 80-2148.20) 2+(2209. 10-2274. 30)2

- (6.60)2+(65.20)2

/43.56+4251.04

- 65.53

- 66

(6) For the PO-, compute: (6)

(a) m '(EASTEAST)p +(NORTH)ApNORT)2+(HEIGHTAP_-HEIGHT)
2

(b) miss time - mean time - set time

9.1.5 ANALYSIS
a. The miss distance is the distance that the MPI or the

POB nissed the AP and describes the accuracy of the test item. The smaller
the miss distance, the better the accuracy of the test item. The miss
distance must be compared to the stated requirement to determine whether the
requirement was met.

b. Due to 4ampling techniques used for missiles, an average
AP must be determined within a range band. The miss distance is the distance
that the MPI or PO-B (relative to the average AP) missed the average AP. The
m13s distance must be compared to the stated requirement to determine whether
the requirement was met. Unless the sample size is at least six, conclusions
for accuracy cannot be drawn with any reasonable level of confidence.

9.2 PRECISION

9.2.1 PROBABLE ERROR COMPUTATION

9.2.1.1 STANDARD DEVIATION METHOD
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9.2.1.1.1 OBJECTIVE

To obtain the system PE and each subsystem PE using the standard
deviation method.

9.2.1.1.2 DATA REQUIRED

A list of sample readings.

9.2.1.1.3 PROCEDURE

a. Compute s, (see paragraph 7.1.1.3, page 64).

b. Multiply step a by .6745 to obtain PE.

9.2.1.1.4 EXAMPLE

Given:

Sample data at Table A-5b, page 1-13.

Procedure: Example:

a. Compute: a.

8 = /38,650.00N-1i~ 1-4 16-1
[38,650.00

15

0,,2,576.67

- 50.76

M 51
See paragraph 7.1.1.4, page 65,
for computations.

b. PE = 0.6745(s). b. PE - 0.6745(50.76)

- 34.24

- 34

9.2.1.1.5 ANALYSIS

The PE is a measure of deviation from u such that 50% of the
observations may be expected to lie between W - PE and p + PE. This method
is the best estimate of the population PE(T) unless a trend exists which
can be attributed to a non-system condition, such as weather, in which case
use of the successive differences method is the best approach. A test
comparing the two methods of computing PE can be made to determine whether
a trend did exi3t but was not evident (see paragraph 9.2.1.3, page 108,
for details).
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9.2.1.2 SUCCESSIVE DIFFERENCES METHOD

9.2.1.2.1 OBJECTIVE

To determine the system PE and each subsystem PE using the
successive differences method when there is a suspected trend.

9.2.1.2.2 DATA REQUIRED

A list of sample readings.

9.2.1.2.3 PROCEDURE

a. Compute the differences (xd xi - xi+j) between consecutive
readings.

b. Square each difference.

c. Sum the squares.

d. Compute s6 as follows:

(1) Divide step C by the quantity (r-l).
(2) Divide step (1) by the quantity 2.
(3) Find the square root of step (2).

e. Multiply step d by .6745 to obtain the PE.

9.2.1.2.4 EXAMPLE

Given:

Sample data at Table A-Sc, page 1-14 (same as data at
Table A-Sb, page 1-1j.

Procedure: Example:
a. Compute the differences a. (1) Difference between
between consecutive readings: 1 and 2:

xd xi - i+1 xd = 1248-1100

= 148

(2) Difference between
2 and 3:

Xd = 1100-1260

- -160

See Table A-5c, page 1-14,
for complete list.
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b. Square each xd. b. (1) rd = (148)2

a 21,904
(2) 2•- (-160)2

= 25,600

See Table A-5c, page 1-14,
for complete list.

c. Sum the x 2  c. Ex2 
- 85,020

d* d (85,020)d. Compute: d. a8"//(61

2(N-1 F(85_,020)_

30

A/2,834

53.23

53

e. Compute: e. PE - .6745(53.23)

PE - .6745(s6) 35.90

36

9.2.1.2.5 ANALYSIS:

The PE is a measure of deviation from such that 50Z of the
observations may be expected to lie between u-PE and u+PE. If a trend
which can be attributed to a nor-system condition, such as weather, is
suspected then this method will yield the best estimate of T. A test
comparing the two methods of computing PE can be made to determine
whether a trend existed but was not evident (see paragraph 9.2.1.3, for
details).

9.2.1.3 TREND ANALYSIS

9.2.1.3.1 OBJECTIVE

To determine whether a trend exists and whether the standard
deviation method or the successive differences method yields the best
estimate of r.

9.2.1.3.2 DATA RFQUIRED

s2 and s2.

9.2.1.3.3 PROCEDURE

a. Choose the desired confidence level.

b. Divide s2 by s 2 .

c. 'Ise Table B-23, page 2-133, to obtain the critical number
(CN) for N samples at the desired confidence level.
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d. If 82/S2 is less than CU, decide that a trend exists and
that the successive differences method yields the best estimate of T;
otherwise, a trerd does not exist at the desired confidence level and the
standard deviation method yields the best estimate of T.

9.2.1.3.4 EXAMPLE

Given:

s2 - 2,576.67 (see paragraph 9.2.1.1.4, page 106).

s3 - 2,834.00 (see paragraph 9.2.1.2.4, page 107).

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-a). 1-a - .95

s2 2,834.00

b. Compute: b. s-56 7
2 2,576.67

- 1.0999

c. Use Table B-23, page 2-133, c. For N = 16 and l-a - .95,
to obtain CN for N samples CN - .6136
at a 100(l-a)% confidence
level.

d. If s2/s2 <CN, decide that d. Since 1.0999 ý .6136, decide
a trend exists at the desired that a trend did not exist at a
confidence level and that the 95% confidence level and that the
successive differences method yields standard deviation method is the
the best estimate of T; otherwise, best estimate of T. Thus,
conclude that a trend does not exist PE - 34.
and the standard deviation method
yields the best estimate of T.

9.2.1.3.5 ANALYSIS

a. The PE is a measure of deviation from i such that 50% of
the observation may be expected to lie between i-PE and u+PE. Elements,
such as tuoe warming and wear, weapon seating, or non-random met changes,
within a data point will have a progressive effect on the magnitude of the
data collected. Thus, a trend test is important for detecting gradual
increases or decreases in some selected parameters within each point. Range,
he*..ght, deflection, time of flight, muzzle velocity and projectile weight
are parameters which may be examined for a trend.

b. If a trend exists at a 100,'l-a)% confidence level, the
probable error computed by the successive differences method will be the
best estimate of r; otherwise, the probable error computed by the standard
deviation method will be the best estimate of r.

9.2.1.4 OUTLIERS

9.2.1.4.1 OBJECTIVE

To identify any outliers which may be present.
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9.2.1.4.2 DATA REQUIRED

A list of sample readings.

9.2.1.4.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute s2 for all readings.

c. Isolate the reading which deviates most from the mean as
a suspected outlier.

d. Compute s1 with the suspected outlier deleted.

(1) Compute the mean of the readings with the suspected
outlier deleted.

(2) Compute the differences between each reiding and the
mean.

(3) Square each difference.
(4) Sum the squares.
(5) Divide step (4) by the quantity (N-2).

e. Divide s9 by S2.

f. Use the "First Outlier CV" column of Table B-17, page 2-71,
to obtain the critical value (CV) for N samples at the desired confidence
level.

g. If s2/s2 is less than the CV, decide that the reading is
an outlier; otherwise, there is no reason to believe that the reading is
an outlier at the desired confidence level.

h. If the reading is an outlier, exclude it from the data
and proceed to step i. If the reading is not an outlier, return the
reading to the set of data, and no further examination of the data is required.

i. With the outlier deleted, isolate the reading which deviates
most from the mean. If this suspected outlier is on the same side of the
mean as the outlier, proceed to step J. If both readings are not on the
same side of the mean, conclude that it is invalid to eliminate both as
outliers. Therefore the suspected outlier is retained with no further
examination of the data required.

J. Compute the standard deviation with both the outlier and

suspected outlier removed (s2).

k. Divide s2 by S2.

1. Use the "Second Outlier CV" column of Table B-17, page 2-71,
to obtain the CV for N samples at the desired confidence level.

-110-



r

MTP 3-1-005
1 March 1972

m. If S2/S2 is less than the CV, decide that the reading
(suspected outlier) is an outlier at the desired confidence level; otherwise,
there is no reason to believe that the reading is an outlier.

n. If the reading is an outlier, exclude it from the data. If
it is not an outlier, return the reading to the set of data. In either
event, no further examination of the data is required.

9.2.1.4.4 EXAMPLE

Given:

Sample data at Table A-5b, page 1-13 (or Table A-5c,
page 1-14).

Procedure: Example:

a. Choose the confidence a. a = .05
level (1-a). 1-a - .95

b. Compute: b. s2 - 2,576.67

s2 =__ See paragraph 9.2.1.1.4, page 106,

N-1 for computation.

c. Isolate suspected outlier. c. Isolate reading number 2,

1100 meters.

d. Compute: d. s2 858.93

2WA2

(Standard deviation with
suspected outlier deleted) s2 858.93

e. Compute: e.
2 S2 2576.67
1= .3333

f. Use the "First Outlier f. For N = 16 and 1-a = .95,
CV," column of Table B-17, CV = .6166
page 2-71, to obtain CV
for N samples at a 100(l-a)%
confidence level.

g. If SI/s2 < CV, decide g. Since .3333 < .6166, decide

that the reading is an outlier; that 1100 is an outlier at a

otherwise, there is no reason 95% confidence level.
to believe that the reading is
an outlier at a 100(l-a)%
confidence level.
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h. If the reading is an outlier, h. Since reading number 2 is an
exclude it from the data and outlier, reading number 12, 1325
proceed to step i. If the meters, is the next suspected
reading is not an outlier, return outlier to isolate.
the reading to the set of data,
and no further examination of
the data is required.

i. With the outlier deleted, i. Since reading number 12 is
isolate the reading which deviates on a different side of the mean
most from the mean. If this sus- than reading number 2, conclude
pected outlier is on the same that reading number 12 is not an
side of the mean as the outlier, outlier. Return the reading to
proceed to step J. If both the set of data. Conclude that
readings are not on the same reading number 2 is the only
side of the mean, conclude that outlier in the set of data. No
it is invalid to elimirate both further analysis of the data
as outliers. Therefore, the is required.
suspected outlier is retained with
no further examination of the
data required,

J. Compute s2.

k. Compute:

s2

1. Use the "Second Outli'-r
CV" column of Table B-17,
page 2-71, to obtain the
CV for N samples at a 100(l-a)%
confidence level.

m. If s2/s2 <CV, decide that
the reading is an outlier at a
100(l-a)% confidence level;
otherwise, there is no reason
to believe that the reading
is an outlier.

n. If the reading is an outlier,
exclude it from the data. If
it is not an outlier, return the
reading to the set of data. In
either event, no further exam-
ination of the data is required.

9.2.1.4.5 ANALYSIS

The dispersion of the data with the suspected outlier included
is compared to the dispersion with the outlier removed. If this ratio falls
below a certain value (Table B-17, page 2-7y, the reading is deleted as an
outlier at the desired confidence level. This Particular method for Isolating
outliers is used due to small samples and the fact that only one or two obser-
vations will possibly be outliers with any confidence.
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9.2.2 COMPARING PROBABLE ERRORS (PE's)

As stated in paragraph 4.5.4, page 7, the PE is a measure of
deviation from •i such that 50% of the observations may be expected to lie
between U - PE and U + PE. Since the PE is a function of the standard
deviation (PE - .6745s6 or PE .6745 s), the same tests used for the com-
parison of standard deviations will be used to compare PE's for a
significant difference.

9.2.2.1 COMPARING AN OBSERVED PE TO A REQUIREMENT

a. An observed PE is generated from a sample and is repre-
sentative of r. This value of PE is then compared to a stated requirement
(TO). However, looking at the values of PE and the requirement to decide
whether T is greater than To or T is less than To at a confidence level
is insufficient. Since the decision pertains to the population, statistical
tests must be applied to PE to determine whether T is greater than To or T

is less than To.

b. There exist two possibilities for the relationship of PE
to To. Following are the assumptions and the circumstances for each
possible relationship:

(1) PE greater than To.

(a) The null hypothesis is T is greater than To.

(b) The alternative hypothesis is there is no reason
to believe T is greater than To.

(c) The use of this test is appropriate when To
is a maximum value for T to satisfy. In the
event that T must not be greater than To, this
test would be appropriate.

(2) PE less than i."

(a) The null hypothesis is T is less than to.
(b) The alternative hypothesis is there is no reason

to believe that r is less than T,,.

(c) The use of this test is appropriate when To is
a minimum value for T to satisfy. In the event
that T must meet or exceed To, this test would
be appropriate.

c. In order to test the above hypotheses when given the values
of PE and i>, s and 7, must be computed; and the appropriate test as des-
cribed in paragraphs 7.2.1 through 7.2. 2,page 70through -1 must be performed.
The values of s and co are determined by multiplying PE and T. each by
1.4826. Since the PE is a multiple of s, the conclusions drawn concerning
standard deviations will also hold true for probable errors; e.g., if the
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null hypothesis that a is less than Oo is accepted at a 100(l-a)% confidence
level, then the null hypothesis that T is less than To can also be accepted
at the same confidence level.

9.2.2.2 COMPARING TWO OBSERVED PE's

a. An observed probable error is generated from a sample and
is representative of T. This value of PE is then required to meet a
standard item PE which is representative of the standard items population.
Looking at the values of the probable errors (PEA and PEB) to decide whether
TA is greater than TB or TA is less than TB at a confidence level is
insufficient. Since the decision pertains to the populations, statistical

tests ;ust be applied to PA and PB to determine whether TA is greater than
B or "A is less than L. The statistical tests use the sample PE's as

estimates of, the population PE's.

b. Type A generally represents the test item and Type B, the
standard item when testing the hypothesis that TA is greater than TB. However,
to prove that the PE of the test item is less than that of the standard
item, Type A must represent the standard item so that the hypothesis, TA is
greater than TB, can be tested.

c. When the null hypothesis is TA is greater than TB, the
alternative hypothesis is there is no reason to believe that TA is greater
than TB.

d. This test is appropriate when TB is a maximum value for
TA to satisfy.

e. In order to test the above hypothesis when given the values
of PE and PEB, sA and sa must be computed; and the appropriate test as
descrtbed in paragraphs 9.3.1 and 7.3.2, pages 74 and 76, must be performed.
The values of sA and sB are determined by multiplying PEA and PEB each by
1.4826. Since the PE is a multiple of s, conclusions drawn concerning
standard deviations will also hold true for probable errors; e.g., if the
null hypothesis that OA is greater than OB is accepted at a 100(l--a)%
confidence level then the null hypothesis that TA is greater than TB can
also be accepted at the same confidence level.

9.2.2.3 DETERMINATION OF SAMPLE SIZE

a. The determination of Nt is necessary to assure that there
is a sufficient sample upon which to base a decision to accept or reject
a null hypothesis at a specified confidence level.

b. The values of s and co are determined by multiplying the PE
and To each by 1.4826. Nt is determined by following the appropriate
procedure as described in paragraph 7.2.3, page 72.

c. The values of 8A and sB are determined by multiplying
PEA and PEB each by 1.4826. Nt is determined by following the appropriate
procedure as described in paragraph 7.3.2, page 76.
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9.2.3 CIRCULAR PROBABLE ERROR

9.2.3.1 COMPUTATION

9.2.3.1.1 OBJECTIVE

To determine the radius of a circle such that 50% of the
population lie within the circle.

9.2.3.1.2 DATE REQUIRED

List of sample eastings and corresponding northings.

9.2.3.1.3 PROCEDURE

a. Compute s for the eastings (SE), (see paragraph 7.1.1.3,
page 64).

b. Compute s for the northings (SN), (see paragraph 7.1.1.3,
page 64).

c. Compute the CPE as follows:

(1) If sE equals SN, multiply sE by 1.1774 to obtain the
CPE.

(2) If s is not equal to sN' compute the equivalent CPE
as follows:

(a) Add sE to sN.
(b) Multiply step (1) by .5887.

9.2.3.1.4 EXAMPLE

Given:

Sample data at Table A-5e, page 1-17.

Procedure: Example:

a. Compute SE: a. SE 1
15-1

sE NZEs-E1T) _,fl,650,542/14
- N-I

-%/i17,895.9

- 343.36

- 343

b. Compute SN: b. = a3,389,046

/:(North-NORTH) 15-1

-N, N- 3,389,046

14
- 242,074.7

- 4t)2.01
= 492
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c. Compute one of the following: c. Since 343.36 ÷ 492.01,
Equivalent CPE

If SE -- .5887 (343.36+492.01)
CPE - 1.1774 sE - .5887 (835.37)

(2) If sE s sN compute - 491.78

Equivalent CPE .3887 (sE+sN) 492

9.2.3.1.5 ANALYSIS

The CPE is the radius of a circle within which 1/2 or 50% of
the population lies. The following is a list of multiples of the CPE and the
percentages of the population which lie within the respective circles for
a circular normal distribution:

a. 2(CPE) contains 93.75% of che population.

b. 3(CEP) contains 99.81% of the population.

c. 3.5(CPE) contains 99.99% of the population.

9.2.3.2 OUTLIERS

9.2.3.2.1 OBJECTIVE

To identify an outliers which may be present.

9.2.3.2.2 DATA REQUIRED

A list of sample eastings and corresponding northings.

9.2.3.2.3 PROCEDURE

a. Compute the CPE for all of the readings.

b. Compute the distance from the mean (dm) for each set of
coordinates using data from step a.

c. Isolate each suspected outlier beginning with the largest
distance from the mean.

d. Recompute the CPE, with the suspected outlier deleted,
as follows:

(1) Compute sE (and sN) as follows:

(a) Compute the mean of the remaining eastings (northings).
(b) Compute the deviation of each remaining reading

from the mean.
(c) Square each deviation.
(d) Sum the squared deviations.
(e) Since N1 is the sample size with the suspected

outlier deleted, divide step (d) by the quantity
(N•-l).

(f) Find the square root of step (e).

(2) Add sE to sN.
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(3) Multiply step (2) by .5887.

e. Compute the dm between the suspected outlier and the mean
of the remaining readings (suspected outlier deleted).

f. If dm is greater than 3.5(CPE), decide that the reading is
an outlier; otherwise, there is no reason to believe the re'idng is an outlier.

g. If the reading is an outlier, exclude it from the data and
repeat step c (with N - N1 ) through step f. If the reading is not an outlier,
return the reading to the set of data; and no further examination of the
data is required.

9.2.3.2.4 EXAMPLE

Given:

Sample data at Table A-5e, page 1-17 and Table A-5f, page 1-18.

Procedure: Example:

a. Compute the CPE for all of a. CPE - 491.78
the readings. - 492

See Table A-5e, page 1-17.

b. For each set of coordinates, b. (1) dmq/10,914+30,276
compute: -•T,9

dm ,JAE2+AN2 = 202.95
(2) dm -f41+35,344

,,/35,685

- 188.90
See Table A-5e, page 1-17
for complete list.

c. Isolate the suspected outlier. c. Isolate reading number 3.

d. (1) Compute sE for the remain- d. (1) SE - 1,469,036/(14-1)
ing eastings.

- 333.16

- 333

(2) Compute sN for the remain- (2) sN 1/,505,179/(14-1)
ing northings.

- 340.27

- 340

(3) Compute: (3) CPE - .5887(333.16+340.27)

CPE - . 5 8 8 7 (SE+SN) - .5887(673.43)

- 396.45

- 396
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e. For the suspected ou~lier, e. For reading 3,
compute:

dm F rE2+LDN2 dm VNF,15,02+2,018,417

;J2, 2.11,7 19

"0 1487.86

"a 1488

f. If dm > 3.5(CPE), decide that f. Since 1488 > 1190, decide
the reading is an outlier; other- that the reading is an outlier.
wise, there is no reason to believe
that the reading is an outlier.

g. (1) If the reading is an g. (1) Since the reading
outlier, exclude it from the data number 3 is an outlier, exclude
and repeat step c (with N-N1 ) if from the data and repeat
through step f. step c (with N-14) through

step f.

(2) If the reading is not (2) If reading number 6
an outlier, return the reading (next suspected outlier) is not an
to the set of data; and no outlier, return it to the set of
further examination of the data; and no further examination
data is required. of the data is required.

9.2.3.2.5 ANALYSIS

a. The distance between the suspected outlier and the mean of
the remaining readings must be greater than 3.5(CPE) for the reading to be
an outlier.

b. The easie!:t approach to identifying outliers is to use a
computer. The formulae and comparisons are the same as the manual method
just outlined; however, each coordinate is checked for the possibility of
being an outlier.

9.2.4 BIVARIATE NORMAL DISTRIBUTION

At this time the applications of the bivariate distribution
are not fully developed. Therefore, no use is made of it in this MTP. The
bivariate distribution is mentioned because a discussion and demonstration
problem will be added whe- correct procedures for its use are developed.

10. RELIABILITY

a. Statements; such as, "the minimum system reliability is
90% with a confidence level of at least 95%, infer that on the average the
test item will function successfully in 90 cases out of 100 and that 95
times out of 100 the 90% figure will be achieved or exceeded. If 46 samples
tested with 1 failure occurring, Table B-18, page 2-74, shows that the R
is at least 90%. The confidence level is 95%, since for one failure the
90% "Reliability" row and the 95% "Confidence Level" column intersect at N - 46.
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Therefore, a confidence level of 95% indicates that if 100 groups, each
containing 46 samples, were tested then on the average five of these groups
would have more than one failure and 95 of these groups would have one or
zero failures.

b. That high requirements place limitations on acceptability
is intuitively evident. Stringent limitations require sufficient sampling
to provide an objective view of the :est item. However, in the interest
of economy, testing must be accomplished with a minimum number of samples.
This may be accomplished by decreasing the desired reliability (confidence
level) while holding the confidence level (desired reliabllity fixed.
Therefore, serious consideration must be given to sample size, the related
R, and the desired confidence level.

10.1 SUCCESS FAILURE

10.1.1 DETERMINATION OF RELIABILITY

10.1.1.1 OBJECTIVE

To determine the population reliability (P) of the test item
at the desired confidence level. The required reliability (po) and the
confidence level are usually directed by a higher authority or a Require-
ments Document.

10.1.1.2 DATA REQUIRED

The number of failures (f) and N for a success-failure type test.

10.1.1.3 PROCEDURE

a. Case I:

(1) Use Table B-18, page 2-74, to obtain the intersection
of the "Reliability" row and the "Confidence Level"
column for the number of failures which occurred (see
page 2-125 for 75% confidence level).

(2) If N is equal to or larger than the intersection value,
decide that p is equal to or greater than 0c (testing
may cease); otherwise, there is no reason to believe
p is equal to or greater than P, at the desired con-
fidence level (testing may cease with a reject decision
or testing must continue with z decision being made at
a later date).

b. Case II: Reliability confidence limits.

(1) Compute the two-sided UCL and LCL as follows:

(a) Choose the desired confidence level.
(b) Perform the following calculations to obtain the

UCL:

1. Cc-rute d.f. 2 as follows:

a. Multiply the number of success (sc) by 2.
b. Add 2 to step a.
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2. Compute d.f. 2 as follows:

a. Multiply sc by 2.
b. Multiply N by 2.
S. Subtract step I from step

3. Use Table B-8, page 2-18, to obtain

F1-a/2 for (d.f. 1 , d.f. 2 ) d.f.

4. Compute the following:

a. Add 1 to sc.
b. Subtract sc from N.
c. Divide step A by step b.
d. Multiply step c by step 3.
e. Add 1 to step A.
f. Divide 1 by step e.

&. Subtract step L from 1.

(c) Perform the following calculations to obtain the
LCL:

1. Compute d.f., as follows:

a. Multiply f by 2.
b. Add 2 to step A.

2. Compute d.f. 2 as follows:

a. Multiply f by 2.
b. Multiply N by 2.
c. Subtract step a from step b.

3. Use Table B-8, page 2-18, to obtain
FI-0/ 2 for (d.f. 1 , d.f. 2 ) d.f.

4. Compute the following:

a. Add 1 to f.
b. Subtract f from N.
S. Divide step A by step b.
d. Multiply step c by step *.

e. Add 1 to step d.
f. Divide 1 by step i.

(d) Conclude that o is equal to or between the UCL and
LCL at the desired confidence level.

(2) Compute the one-sided UCL as follows:

(a) Choose the desired confidence level.
(b) Compute d.f. 1 as follows:

1. Multiply sc by 2.
2. Add 2 to step 1.

(c) Compute d.f. 2 as follows:

1. Multiply sc by 2.
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2. Multiply N by 2.
3. Subtract step I from step 2.

(d) Use Table B-8, page 2-18, to obtain F1 ..a for
(d.f. 1 , d.f. 2 ) d.f.

(e) Perform the following calculations:

1. Add 1 to sc.
2. Subtract sc from N.
3. Divide step 1 by step 2.
4. Multiply step 3 by step (d).
5. Add 1 to step 4.

. Divide I by step 5.
7. Subtract step 6 from 1 to obtain the UCL.

(f) Conclude that p is equal to or less than the
UCL at the desired confidence level.

(3) Compute the one-sided LCL as follows:

(a) Choose the desired confidence level.
(b) Compute d.f.I as follows:

1. Multiply f by 2.
2. Add 2 to step 1.

(C) Compute d.f. 2 as follows:

1" Multiply f by 2.
2. Multiply N by 2.
3. Subtract step 1 from step 2.

(d) Use Table B-8, page 2-18, to obtain FI_, for
(d.f. 1 , d.f. 2 ) d.f.

(e) Perform the following calculations:

1. Add 1 to f.
2. Subtract f from N.
3. Divide step . by step 2.
4. Multiply step I by step (d).
5. Add 1 to step 4.
6. Divide 1 by step 5 to obtain the LCL.

(f) Conclude that p is equal to or greater than the
LCL at the desired confidence level.

NOTE: The LCL is usually referred to as the
R of the test item at the desired
confidence level and it is the re-
liability which is compared to the
requirements.
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10.1.1.4 EXAMPLE

a. Case I:

Given:

P o a .90

1-a - .90

N - 52

f-5

Procedure: Example:

(1) Use Table B-18, page 2-74, (1) For f - 5, Po = .90, and
to obtain the intersection of l-a - .90, the intersection is
the "Reliability" row and the N a 91.
"Confidence Level" column for
the number of failures which
occurred.

(2) If N is equal to or larger (2) Since 91 A 52, decide that
than the intersection value, there is no reeson to believe
decide that p ý po; otherwise, that p 1 .90 at a 90% confidence
there is no reason to believe level.
P i Po at a lO0(1-a)% confidence
level.

NOTE: To determine the achieved
reliability at the desired
confidence level, continue
with Case II.

b. Case II: Reliability confidence limits.

Given:

N -52

f-5

Procedure: Example:

(1) Compute the two-sided LCL (1)
and UCL as follows:

(a) Choose the confidence (a) a - .05
level (l-a). 1-a- .95

1-a/ 2 - .975

(b) Compute: (b) 1. d.f., - 2(47) + 2

1. d.f., - 2(sc)+2 -6

2. d.f. 2 - 2N-2(sc) 2. d.f. 2 - 2(52) - 2(47)
- 10
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3 Use Table B-8, page 3. F.% 7 5 for (96,10)d.f.
2-18, LO obtain F1_a/ 2 for approximates closely
(d.f. 1 , d.f. 2 ) d.f. F.97 5 for (1OOl0)d.f.

F. 9 7 5 for (l00,10)d.f.- 3.18

4. UCL-1- 4. UCL 1- 1

+sc+l 47+1_ F / 1+( F.0o75

1"" 1-

1+(9.600) (3.18)
1

-i1
1+30.53

1

31.53

- 1- .0317

"- .9683

- .97
(c) Compute: (c) 1. d.f., - 2(5) + 2

1. d.f., - 2f + 2 - 12

2. d.f. 2 - 2N - 2f 2. d.f. 2 - 2(52)-2(5)

- 94
3. Use Table B-8, page 3. F. 9 7 5 for (12,94)d.f.

2-18, to obtain F1 -'/2 for (d.f. 1 , approximates closely
d.f 2) d.f. '2F. 9 7 5 for (12,90)d.f.- 2.09

4. LCL 1" 4. LCL - 1
5+1l+(f+l)F1-•/2 1+(5-)•5F.075s

1
1+(.l?77) (2.09)

1

1

- .7894

- .78
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(d) Conclude that P l. UCL (d) Conclude that P 1 .97
and P z LCL at a l00(l-a)% confi- and o a .78 at a 95% conficence
dence level, level.

(2) Compute the one-sided (2)
UCL for p as follows:

(a) Choose the confidence (a) a - .05
level (1-a). 1-a - .95

(b) Compute: (b) d.f. 1 - 2(47) 4 2

d.f., - 2(sc) + 2 - 94 + 2

- 96

(c) Compute: (c) d.f. 2 - 2(52)-2(47)

d.f-2 - 2(N)-2(sc) - 104-94

- 10

(d) Use Table B-8, page 2-18, (d) F. 9 5 for (96,10)d.f.

to obtain F,_a for (d.f.i, d.f.2) d.f. approximates closely

F. 9 5 for (lO0,10)d.f.

F. 9 5 for (lO0,10)d.f.= 2.6

(e) Compute: (e)

UCL- 1 UCL 11
sc+CL _ 47+11+ (-) F I~ -F.0

N-sc 52-47

- 1- 1
I+

48
1 +(9.60)(2.6)

1

1

I 1- .0385

- .9615

= .97

(f) Conclude that , UCL (f) Conclude that £ .97
at a 100(1-,x)% confidence level, at a 95% confidence level.
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(3) Compute the one-sided LCL (3)
for p as follows:

(a) Choose the confidence (a) a = .05
level (1-a). 1-a - .95

(b) Compute: (b) d.f., - 2(5)+2

d.f., - 2(f)+2 - 12

(c) Compute: (c) d.f. 2  2(52)-2(5)

d.f2 - 2(N) - 2(f) - 104-10

a 94

(d) Use Table B-8, page 2-18, (d) F. 9 5 for (12,94)d.f.
to obtain FIl- for (d.f. 1 , d.f. 2 ) d.f. approximates closely

F. 9 5 for (12,90)d.f.

F. 9 5 for (12,90)d.f. 1.86

(e) Compute: (e)
1 1

LCL - l+C.-L-C)l-+LlL C + ~ F - 1 + ( C +'1• ) F . 9 5
N-f 52-5

1
1 (6

1 +( )(1.86)
47

1

"1 +(.1277)(1.86)

1

1+.2374

1

1.2374

= .8081

* .80

(f) Conclude that p z LCL (f) Conclude that
at a 100(1-a)% confidence level. p 1 .80 at a 95% confidence

level.

NOTE: .80 is referred to
as the reliability
of the test item
at a 95% confidence
level.
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10.1.1.5 ANALYSIS

a. Case I:

If N a the intersection value (Table B-18, page 2-74)
the null hypothesis that p I po is accepted; otherwise, there is no
reason to believe p > po at a 100 l-a% confidence level.

b. Case II:

(1) The two-sided interval surrounds p such that p
UCL and p a LCL at a 100(l-a)% confidence level.

(2) The one-sided interval surrounds p such that p 4
UCL at a 100(1-a)% confidence level.

(3) The one-sided interval surrounds p such that p .
LCL at a 100 (l-a)% confidence level.

10.1.2 DETERMINATION OF SAMPLE SIZE

10.1.2.1 OBJECTIVE

a. To determine the absolute minimum Nt required to establish
po at the desired confidence level.

b. To determine the minimum Nt required to establish 0o at
the desired confidence level when the average number of failures is known
from previous testing or a comparable item.

10.1.2.2 DATA REQUIRED

a. None.

b. The average number of failures known from a standard item,
history, or Requirements Document.

10.1.2.3 PR)CEDURE

a. Case I: Determination of an absolute minimum Nt.

(1) Use Table B-18, page 2-74, to obtain the intersection
of the "Reliability" row and the "Confidence Level"
column for zero failures.

(2) Conclude that the intersection value is the absolute
minimum Nt since zero failures constitutes the ideal
situation.

b. Case II: Determination of Nt.

(1) Use Table 3-18, page 2-74, to obtain the intersection
of the "Reliability" row and the "Confidence Level"
column for the average number of failures known from
a standard item, history, or Requirements Document.
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(2) Conclude that the intersection value is the minimum
Nt. Generally the test item must be as good as
previous test results from a standard item. Note
that in most cases this Nt will be larger than the
absolute minimum Nt generated in Case I.

10.1.2.4 EXAMPLE

a. Case I: Determination of an absolute minimum Nt.

Given:

P0 - .95

l-a - .90

f - 0

Procedure: Example:

(1) Use Table B-18, page 2-74, (1) For f = 0, Po .95,
to obtain the intersection of and 1-o = .90,
the "Reliability" row and the
"Confidence Level" column for zero Nt 5
failures.

(2) Conclude that the inter- (2) For zero failures,
section value is the absolute conclude that 45 samples are
minimum Nt since zero failures required to achieve p = .95
constitures the ideal situation. at a confidence level of 90%.

b. Case II: Determination of Nt

Given:

P= .95

1-a = .90

Average number of failures for the standard item = 6

Procedure: Example:

(1) Use Table B-18, page 2-74, (1) For f - 6, o0 - .95,
to obtain the intersection of and 1-a = .90,
the "Reliability" row and the
"Confidence Level" column for Nt = 209.
the average number of failures.
(2) Conclude that the inter- (2) For no more than six
section value is the minimum failures, conclude that 209
Nt. Generally the test item samples are required to achieve
must be as good as previous p = .95 at a 90% confidence
test results from a standard level.
item.

NOTE: In most cases this NOTEt 209 > 45

Nt will be larger
than the absolute
minimum Nt generated
in Case I.
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10.1.2.5 ANALYSIS
a. Initial Nt

At a specified confidence level, reliability, and number
of failures, Nt samples are required to determine whether p ; po. Zero
failures will generate the absolute minimum Nt.

b. Adequacy of Nt.

After the initial Nt samples have been tested, R must be
computed at the desired confidence level for the number of failures that
occurred. If the computed R is equal to or greater than Po, the initial
Nt is adequate; however, if the computed R is less than po, the initial
Nt is inadequate. If Nt is inadequate, Nt must be recomputed using the
number of failures which have occurred, Po, and the desired confidence level;
and additional must be tested if possible or a reject decision made.

10.1.3 SEQUENTIAL ANALYSIS FOR SUCCESS-FAILURE

a. When testing an hypothesis using the sequential method,
the project officer is able to make one of the following three decisions
at any stage of testing:

(1) Accept the hypothesis.
(2) Reject the hypothesis.
(3) Continue the experiment by collecting additional data.

b. Usually a Po of .95 with a high degree of assurance is
required. In order to achieve assurance of such a high po, the project
officer would have to conduct excessive testing; e.g., many thousands of
rounds. This may be impractical; however, using the following statistical
approach, the project officer will achieve the predetermined confidence
level for reaching the accept decision.

c. If certain criteria are set up graphically, a decision can
be made to accept, reject, or continue testing the test item after each sample
is tested. This graph uses three areas to represent the decisions to accept,
reject, or continue testing the test item. The accept region is below a
boundary line determined by the subtraction of the maximum proportion of de-
fectives (PO) and the confidence levels for rejection and acceptance. The
continue testing area is above the accept boundary line and below the reject
boundary line. The size of this area, which is an area of doubt for the test
item, is determined by the project officer (see paragraph 4.14, page 14). The
area of doubt is designed for a test item which may be g-)d but has gotten
off to a slow start. In this case, a longer period of time will be required
to satisfy the doubts concerning acceptability of the test itei. The reject
boundary line is determined by P. and the confidence levels for rejection
and acceptance. The area above this boundary line is the area of rejection.
A graph of this type is illustrated by Figure 14. The number of samples
are plotted on the horizontal axis with each increment representing one
sample. The number of failures are plotted on the vertical axis with each
increment representing one failure.
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d. The construction of the two boundary lines is described in
the procedure paragraph below.

10.1.3.1 OBJECTIVE

To determine whether the proportion of defective test items is
equal to or less than Po at the desired confidence level.

10.1.3.2 DATA REQUIRED

N and f.

10.1.3.3 PROCEDURE

a. Construct the boundary lines as follows:

(1) Choose a and J6, the probabilities of making Type I
and Type II errors respectively.

(2) Choose the amount of doubt, the proportion of defectives
allowable for continued testing.

(3) Use Table B-19, page 2-127, to obtain a and b for
a and S.

(4) Subtract D from Po to obtain the upper limit for the
proportion of defectives (Pu)-

NOTE: Po equals Ao, if Ao is in terms of defectives.
Po equals the quantity (1-Ao), if A0 is in terms
of successes.

(5) Compute U, an intermediate value, as follows:

(a) Divide Po by step (4).
(b) Subtract step (4) from 1.
(c) Subtract Po from 1.
(d) Divide step (b) by step (c).
(e) Multiply step (a) by step (d).
(f) Find the natural logarithm of step (e).

(6) Compute V, an intermediate value, as follows:

(a) Subtract step (4) from 1.
(b) Subtract P0 from 1.
(c) Divide step (a) by step (b).
(d) Find the natural logarithm of step (c).
(e) Divide step (d) by step (5).

(7) Determine the accept boundary line as follows:

(a) Divide the value b in step (3) by step (5).
(b) Multiply step (6) by N.
(c) Add step (a) to step (b) to determine the maximum

allowable f for accepting the test item (fACCEPT=

U + V(N)).
(d) Choose two values for N and substititte them into

the above equation to determine two points on the
accept boundary line.
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NOTE: Use N-0 and N- some large value; such as 50,
100, or 150.

(e) Draw the accept boundary line using the two points
determined from step (d).

(8) Determine the reject boundary line as follows:

(a) Divide the value a in step (3) by step (5).
(b) Multiply step (6) by N.
(c) Add step (a) to step (b) to determine the minimum

allowable f for rejecting the test item (fREJECTO

S+ V(N)).

(d) Choose two values for N and substitute them into
the above equation to determine two points on the
reject boundary line.

(e) Draw the reject boundary line using the two
points determined from step (d).

(9) If the two lines are not parallel, check the com-
putations and plotted points.

b. Plot the sample data on the sequential graph as follows:

(1) Plot the cumulative sample size and f after each sample.
(2) After plotting each point, decide whether to accept,

reject, or continue testing the test item.

NOTE: An accept decision may be made before another
failure occurs in the event that the sample
size increases sufficiently after the last
failure to cross the accept boundary line.
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a. Construct the boundary lines as follows:

Given:

Po w .07 (7 failures out of 100; reliability of 93%)

Procedure: Example:

(1) Choose a and 0. (1) a - .05

1-a - .95

B - .20

1-B - .80

(2) Choose D. (2) D - .02

(3) Use Table B-19, page 2-127, (3) a - 2.773
to obtain a and b for a and B. b - -1.558

(4) Compute: (4) PU - .07 - .02

PU - Po D - .05

(5) Compute: (5) U-i

- in (1.4000)(n.02i5)

- in 1.4301

- .35775
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ln I---7:o
I-Pu

(6) Compute: /i-Pu (6) V - .3577I I .357 75

in__r___7 ln(1.0215)
U .35775

.021282

.35775

- .059488

(7) Compute: (7) -1.558 + .059488(N)
.35775

f ACCEPT b + V(N) - -4,355+.059488(N)
U When N - 0, fACCEPT m -4.355

When N - 100, fACCEPT = 1.594

Plot the points

(0,-4.355) and (100,1.594)
to determine the accept boundary
line.

(8) Compute: (8) f 2.773 + .059488(N)(8)Comut: () REJECT .

f REJECT a + V(N) - 7.751+.059488(N)
U When N - 0, fREJECT - 7.751

When N - 100, fREJECT - 13.700

Plot the points
(0,7.75) and (100,13.700)

to determine the reject
boundary line.

(9) If the two lines are not
parallel, check the computations
and plotted points.

b. Plot the sample data on the sequential graph as follows:

Given:

Requirements and boundary lines from step a.
Sample data at Table A-6a, page 1-19.

Procedure: Example:

(1) Plot the cumulative (1) (a) (30,1)
sample size and failure after (b) (75,2)
each sample,

(Ni, fi). See Table A-6a, page 1-19,
for complete list.

-132-



MTP 3-1-005
1 March 1972

(2) After plotting each point, (2) For failures 1 through
decide to accept, reject, or 3, decide to continue testing.
continue testing the test item. At failure number 4 decide to

accept the test item. A
decision to accept the test
item could have been made
when N was 134 and f was 3 since
the accept boundary was crossed
(see Table A-6b, page 1-20).

NOTE: From Table B-18,
page 2--74, when
f-3,p0o-.95, and
1-a-.95, the inter-
section value is
153; thus, fewer
samples (N-134) are
needed using the
sequential method.

10.1.3.5 ANALYSIS

a. The sequential method generally minimizes testing time
and N due to the fact that a decision to accept or reject is made as
soon as possible after the first failure. Since all failures are not
necessarily chargeable failures, decisions will be altered if certain
failures are not counted. If the project officer ignores a failure,
the probability of accepting an unacceptable item is increased. There-
fore, the project officer must carefully decide what constitutes a failure
(see paragraph 4.2, page 2).

b. Due to the advantages just discussed, the sequential
method should be used whenever possible (see subparagraph 10.2c, page 134).

10.2 RELIABILITY RELATIVE TO CONTINUOUS TESTING

a. When measuring R for the continuous testing situation,
the failure rate is assumed to approach the exponential distribution
(see paragraph 4.15.2, page 15). In this case there are three measures
of R that are of interest to the project officer. Thene are:

(1) The determination of mean time, miles, or rounds
between failures and the limits for the mean at a
desired confidence level (see paragraph 10.2.1,
page 134).

(2) The determination of a computed R (see paragraph
10.2.2, page 145).

(3) The determination of the R based on P0 and the desired
confidence level (see paragraph 10.2.3, page 147).

b. The first two determinations are simple and straight-
forward but are biased by limitations on N. The third, which is the only
sequential analysis method, is a truer representation of the population.
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c. Sequential analysis is superior to nonsequential analysis
whenever the data become available serially and the cost of the data (in
terms of time, labor, or material) is approximately proportional to the
amount of data. Nonsequential analysis is superior whenever the amount of
data is fixed or the cost of the data is largely overhead, hence more or
less independent of the amount of data. Superiority consists of minimizing
the set of quantities N, a, and 8. Sýquential and nonsequential tests
differ in the constraints under which this set is minimized. Nonsequential
tests treat N as fixed and are designed so that either risk a or risk 8 is
minimized when the other is fixed. Sequential tests treat N as a variable
and are designed so that for fixed risks, a and 6, the expected (average)
number of trials required to reach a decision is minimized. If for a
nonsequential test N is made large enough so that, with a fixed, B will not
exceed a predeterminel amount, this value of N will exceed (frequently by
as much as 100 percent) the N required for a sequential test for the same
a and S. Thus, when N is readily subject to variation, sequential tests
are superior; when N is not readily varied, nonsequential tests are superior.

d. Examples of the solution for each determination are in the fol-
lowing paragraphs. In all examples mean time between failures (MTBF) is
used. Other means, such as mean miles between failures (MMBF) or mean
rounds between failures (MRBF), may be used when applicable.

10.2.1 MEANS AND LIMITS

10.2.1.1 MEANS

10.2.1.1.1 OBJECTIVE

To determine the mean time between failures.

10.2.1.1.2 DATA REQUIRED

A list of sample readings; e.g., operating time (primary parameter)
and failures (secondary parameter).

10.2.1.1.3 PROCEDURE

a. Sum the primary parameter.

b. Sum the secondary parameter.

c. Divide step a by step b.

10.2.1.1.4 EXAMPLE

Given:

Sample data at Table A-6c, page 1-21.

Procedure: Example:

a. Sum the primary parameter; a. Tt = 3752 hours
e.g., total time (Tt) or total
miles (Tm).
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b. Sum the secondary parameter; b. f - 12

e.g., total failures (f).

c. Compute: c. MTBF - 3752/12

Tt - 312.56
MTBF - T" - 313 hours

!OT': In the event a test is time terminated and zero failures occurred, a
point estimate of the MTBF cannot be determined but a LCL may be computed
(see paragraph 10.2.1.3).

10.2.1.1.5 ANALYSIS

The sample mean, or average, is a value which is typical or
representative of a set of data. The mean is the most commonly used
measure of central location.

10.2.1.2 LIMITS USING THE STUDENT t DISTRIBUTION

10.2.1.2.1 OBJECTIVE

To determine the two-sided and one-sided limits for the MTBF
using the t distribution.

10.2.1.2.2 DATA REQUIRED

A list of sample readings; e.g., operating time (primary parameter)
and failures (secondary parameter).

10.2.1.2.3 PROCEDURE

a. Case I: UCL and LCL (two-sided limits), also referred
to as M2 and M1.

(1) Choose the desired confidence level.
(2) Use Table B-5, page 2-5, to obtain tla/ for f-1 d.f.
(3) Compute the MTBF (see paragraph 10.2.1.1.3, page 134).
(4) Compute the time between failures for each consecutive

pair of failures if the data have been recorded as
cumulativp time.

(5) Compute s (see paragraph 7.1.1.4, page 65).

NOTE: The sample size is the number of failures.

(6) Compute E as follows:

(a) Muitip~y step (2) by step (5).
(b) Divide step (a) by the square root of f.

(7) Add step (6) to step (3) to obtain the UCL and subtract
step (6) from step (3) to obtain the LCL.

(8) Conclude that the population MTBF is equal to or less
than the UCL and equal to or greater than the LCL at the
desired confidence level.
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b. Case II: UCL (one-sided limit), also referred to as M2 .

(1) Choose the desired confidence level.
(2) Use Table B-5, page 2-5, to obtain t 1 _, for f-l d.f.
(3) Compute the MTBF (see paragraph 10.2.1.1.3, page 134).
(4) Compute the time between failures for each consecutive

pair of failures if the data have been recorded as
cumulative time.

(5) Compute s (see paragraph 7.1.1.3, page 64).
(6) Compute e as follows:

(a) Multiply step (2) by step (5).
(b) Divide step (a) by the scuare root of f.

(7) Add step (6) to step (3) to obtain the UCL.
(8) Conclude that the population MTBF is equal to or less

than the UCL at the desired confidence level.

c. Case III: LCL (one-sided limit), also referred to as M1 .

(1) Choose the desired confidence level.
(2) Use Table B-5, page 2-5, to obtain tj-, for f-l d.f.
(3) Compute the MTBF (see paragraph 10.2.1.1.3, page 134).
(4) Compute the time between failures for each consecutive

pair of failures if the data have been recorded as
cumulative time.

(5) Compute s (see paragraph 7.1.1.3, page 64).

NOTE: The sample size is the number of failures.

(6) Compute e as follows:

(a) Multiply step (2) by step (5).
(b) Divide step (a) by the square root of f.

(7) Subtract step (6) from step (3) to obtain the LCL.
(8) Conclude that the population MTBF is equal to or

greater than the LCL at the desired confidence level.

10.2.1.2.4 EXAMPLE

a. Case I: UCL and LCL (two-sided limits), also referred to as

M2 and M1 .

Given:

Sample data at Table A-6d, page 1-22.

Procedure: Example:

(1) Choose the confidence level (1) a .10( 1 - a 1 -a. .9 0

l-a/2 - .95

(2) Use Table B-5, page 2-5, (2) f-l = 5
to obtain t1-1/2 for (f-l) d.f. t 9 5 for 5 d.f. 2.015
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(3) Compute the MTBF. (3) MTBF - 207 hours
See paragraph 10.2.1.1.4,
page 134.

(4) Compute the time between (4) (a) Time to failure I
failures for each consecutive - 200 hours
pair of failures if the data (b) Time between failures
have been recorded as 2 and 1
cumulative time. - 410-200

- 210 hours

(5) Compute: (5)

2 f-1

1 16.80
- 17 hours

See paragraph 7.1.1.4, page 65.

(6) Compute: (6) 2.015(16.80)E•

E = 1 _ /2 (s)

: 33.85/2.449
, 13.82

(7) Compute: (7) UCL = 206.83 + A3.82

UCL = MTBF + c - 220.65
= 221 hours

LCL = MTBF - LCL = 206.83 - 13.82

= 193.01
- 193 hours

(8) Conclude that the population (8) Conclude that the popula-
MTBF • UCL and the population tion MTBF - 221 hours and the
MTBF a LCL at a i00(l-t)% population MTBF 1 193 hours
confidence level, at a 90% confidence level.

b. Case If: UCL (one-sided limit), also referred to as M".

Given:

Sample data at Table A-6d, page 1-22.

Procedure: Example:

(1) Choose the -onfidence (i) a = .10
level (1-a). 1-1 = .90

(2) Use Table B-5, page 2-5. (2) f-I = 5
to obtain t1jf for (f-1) d.f. t.3'J for 5 d.f. - 1.476

(3) Compute the MTBF. (3) MTBF = 1241/6
= 207 hours

See paragraph 10.2.1.1.4,
page 134.
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(4) Compute the time between (4) (a) Time to failure 1
failures for each consecutive - 200 hours.
pair of failures if the data (b) Time between failures
have been recorded as 2 and 1 - 410-200
cumulative time. - 210 hours

See Table A-6d, page 1-22
for complete list.

(5) Compute: (5) 10.
S6_7

- 16.80

- 17 hours
See paragraph 7.1.1.4, page 65.

(6) Compute: (6) c (1.476)(16.80)

t1-a(s)

24.80

2.449

- 10.13

(7) Compute: (7) UCL - 207 + 10.1-
- 217.13

UCL - MTBF + c -217.13- 218 hours

(8) Conclude that the population (8) Conclude that the popu-
MTBF 4 UCL at a l00(1-a)% confidence lation MTBF 91.P hours at a
level. 90% confidence level.

c. Case III: LCL (one-sided limit), also referred to as M1 .

Given:

Sample data at Table A-6d, page 1-22.

Procedure: Example:

(1) Choose the confidence (1) a - .10
level (1-a). 1-a f .90

(2) Use Table B-5, page 2-5, (2) f-l = 5
to obtain tja for (f-l) d.f. t.90 for 5 d.f. - 1.476

(3) Compute the MTBF. (3) MTBF = 207 hours.
See paragraph 10.2.1.1.4, page 134.

(4) Compute the time between (4) (a) Time to failure 1
failures for each consecutive - 220 hours.
pair of failures if the data (b) Time between failures
have been recorded as 2 and 1
cumulative time. - 410-200

= 210 hours
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(5) Compute: (5) a - 16.80
- 17 hours

See paragraph 7.1.1.4, page 65.

(1.476) (16.80)
(6) Compute: (6) c

(6 ti -a (p)7)(6.

1 -- = 10.13

(7) Compute: (7) LCL - 207 - 10.13

LCL - MTBF - E-196.87
- 196 hours

(8) Conclude that the popu- (8) Conclude that population
lation MTBF a LCL at a MTBF aý 196 hours at a 90%
100(l-a)% confidence ltvel. confidence level.

10.2.1.2.5 ANALYSIS

a. The two-sided interval surrounds the population MTBF such
that the population MTBF I UCL and the population MTBF a LCL at a 100(1-a)%
confidence level.

b. The one-sided interval surrounds the population MTBF such
that the population MTBF 9 UCL at a 100(l-a)% confidence level.

c. The one-sided interval surrounds the population MTBF such
that the population MTBF 2 LCL at a l00(l-a)% confidence level. M, (the
LCL) is generally considered the MTBF of the population since the population
MTBF will be at least MI at a 100(l-u)% confidence level. If comparing
M, to the required MTBF produces an accept decision for the test item, then
on the average the test item will function as required at a 100(l-a)%
"confidence level.

d. The method used to compute M, and M2 uses s to estimate a.
If the time between two failures is close to the MTBF, s will be small;
and M1 will be close to the MTBF. However, if the times between failures
are erratic (close to the MTBF in some cases and far from the MTBF in other
cases), s will be large; and the interval between the M, and the MTBF will
increase. Since this method uses the student t distribution, f should be
less than or equal to 30.

NOTE: The application of the student t assumes that
the MTBF's are approximately normally distributed.

10.2.1.3 LIMITS USING THE X2 DISTRIBUTION

10.2.1.3.1 OBJECTIVE

To determine the two-sided and one-sided limits for the MTBF using
thp • distribution.
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10.2.1.3.2 DATA REQUIRED

A list of sample readings; e.g., operating time (primary parameter)
and failures (secondary parameter).

10.2.1.3.3 PROCEDURE

a. Case I: UCL and LCL (two-sided limits), also referred to as
M2 and M1.

(1) Choose the desired confidence level.
(2) Use Table B-20, page 2-128, to obtain LF_'a12 for:

(a) f + 1 d.f., if a time terminated test.
(b) f d.f., if a failure terminated test.

(3) Use Table B-21, page 2-129, to obtain the UFI._.a/ for
f d.f., for both the time and failure terminated test.

(4) If the test is a time terminated test, compute the
following:

(a) Multiply step (2)(a) by Tt-
(b) Divide step (a) by the quantity (f+l) to obtain the

LCL.
(c) Multiply step (3) by Tt.
(d) Divide step (c) by the value of f to obtain the UCL.

(5) If the test is a failure terminated test, compute the
following:

(a) Multiply step (2) (b) by Tt.
(b) Divide step (a) by f to obtain the LCL.
(c) Multiply step (3) by Tt.
(d) Divide step (c) by f to obtain the LCL.

NOTE: To maintain accuracy, the six decimal number
found in Table B-20, page 2-128, or B-21,
page 2-129,must be used.

(6) Conclude that the population MTBF is equal to or between
the UCL and LCL at the desired confidence level.

b. Case II. UCL (one-sided limit), also referred to as M2 .

(1) Choose the desired confidence level.
(2) Use Table B-21, page 2-129, to obtain the UFI._ for

f d.f., for both the time and failure terminated test.

(a) Multiply step (2) by Tt.
ýb Divide step (a) by f.
3 Compute the UCL as follows:

NOTE: To maintain accuracy, the six decimal
number found in Table B-21, page 2-129,
must be used.

(3) Conclude that the population MTBF is equal to or less
than the UCL at the desired confidence level.
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c. Case III. LCL (one-sided), also referred to as MI.

(1) Choose the desired conafidence level.
(2) Use Table B-20, page 2-128, to obtain LFI., for:

(a) f+l d.f., if a time terminated test.
(b) f d.f., if a failure terminated test.

(3) If a Lime terminated test, compute the LCL as follows:

(a) Multiply step (2)(a) by Tt.
(b) Divide step (a) by the quantity (f+l).

(4) If a failure terminated test compute the LCL as follows:

(a) Multiply step (2)(b) by Tt.
(b) Divide step (a) by f.

NOTE: To maiatain accuracy, the six decimal
nuLber found in Table B-20, page 2-128,
must be used.

(5) Conclude that the population MTBF is equal to or greater
than the LCL at the desired confidence level.

10.2.1.3.4 EXAMPLE

a. Case I: UCL and LCL (two-sided limits), also referred to
as M2 and MI.

Given:
Sample data at Table A-6c, page 1-21.

Frocedure: Example:

(1) Choose the confidence level (1) a - .05
(I-a). 1--a - .95
(2) Use Table B-20, page 2-128, (2) LF. 9 7 5 for 13 d.f. .620525
to obtain LFIa/ 2 for:

(a) f+l d.f., if a time
terminated test.

(b) f d.f., if a failure
terminated test.

(3) Use Table B-21, page 2-129, (3) UF. 9 7 5 for 12 d.f. = 1.935484
to obtain UFI a/2 for f d.f.

(4) Compute for a time (4) Since the test is time
terminated test: terminated,

(LFI-a/ 2 )(Tt) LCL - (.6205926) (3752)
LCL = f+l (12+1)

(UF1 0a/ 2 )(Tt) = 179.095926
UCL - - 179 hours

f UCL = (1.935484)(3752)
12

= 605.161330
- 606
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(5) Compute for a failure
terminated test:

L L (LF I-aL/2) (Tt)
LCL - ______

f

(UF1 -a/2 ) (Tt)UCL
f

(6) Conclude that the population (6) Conclude that the population
MTBF ,9 UCL and the population MTBF MTBF A hours and the popula-
k LCL at a 100(l-a)% confidence tion MTBF 1 179 hours at a 95%
level, confidence level.

b. Case II. UCL (one-sided limit), also referred to as M2.

Given:

Sample data at Table A-6c, page 1-21.

Procedure: Example:
-....... '•'7JXfa' thb 'confideii'c (1) a - .05

level (1-a). 1-a - .95
(2) Use Tible B-21, page 2-129, (2) UF. 9 5 for 12 d.f. - 1.739130
to obtain the UFI.a for f d.f.,
for both a time and failure
terminated test.
(3) Compute (3)

UCL = (UFI.-O) (Td) U.95 - (1.739130)(3752)
f 12

- 543.767980

- 543
(4) Conclude that the population (4) Conclude that the population

SMTBF • UCL at a 100(1-a)% confi- MTBF • 543 hours at a 95% confi-
dence level. dence level.

c. Case III: LCL (one-sided limit), also referred to as M1 .

Given:

Sample data at Table A-6c, page 1-21.
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Procedure: Example:

(1) Choose the confidence (l) a - .05

level (1-a). I-a - .95

(2) Use Table B-20, page 2-128, (2) LF .95 for 13 d.f. - .668380

to obtain LFI-a for:

(a) f+l d.f., if time
terminated.

(b) f d.f., if failure
terminated.

(3) Compute for a time (3) Since the test is time
terminated test: terminated,

(LFi-a)(Tt) LCL - (.668380)(3752)LCL -______LCL
LCL (f+l) 12+1

- 192.907836

- 192 hours

(4) Compute for a failure (5) Conclude that the popula-
terminated test: tion MTBF 1 192 hours at a 95%

(LFI-..)(Tt) confidence level.
LCLf NOTE: Although the confi-

(a) Conclude that the dence level is numeri-
population MTBF 2 LCL at a cally the same for all
lO0(l-a)% confidence level, three cases, M1 and M2

different values (see
Figure 15).

10.2.1.3.5 ANALYSIS

a. The two-sided interval surrounds the population MTBF such
that the population MTBF , UCL and the population MTBF - LCL at a 100(1-a)%
confidence level.

b. The one-sided interval surrounds the population MTBF such
that the population MTBF 4 UCL at a 100(l-a)% confidence level.

c. The one-sided interval surrounds the population MTBF such
that the population MTBF - LCL at a l00(l-a)% confidence level. M, (the LCL)
is generally considered the MTBF of the population since the population MTBF
will be at least M, at a 100(1-a)% confidence level. If comparing M, to the
required MTBF produces an accept decision for the test item, then on the
average the test item will function as required at a 100(1-a)% confidence
level.

d. The method used to compute M1 and M2 is dependent upon the
type of test conducted; i.e., time terminated or failure terminated. The
time terminated test produces a more conservative estimate for the LCL of
the population MTBF since a safety factor of one is added to the number
of failures which occurred.
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COMPARISON OF LIMITS

.I

1-d x .95

LCL: 179 hours UCL ' 605 hours
Porameetr

A

2

I-C( 2 .95

UCL ' 544 hOurs
Parameter

CS

Cr

I • -of =95

LCL 192 hours
Parometer

C

Figure 15
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10.2.2 APPLICATION OF THE EXPONENTIAL DISTRIBUTION

10.2.2.1 OBJECTIVE

To determine the reliability for those items which demonstrate
an exponential lifetime to failure.

10.2.2.2 DATA REQUIRED

The mission (operational) profile (MP), Tt, and f.

10.2.2.3 PROCEDUP.E

a. Choose the desired confidence level.

b. Compute the MTBF (see paragraph 10.2.1.3, page 134).

c. Use Table B-20, page 2-128, to obtain the LFI_a for:

(1) f+l d.f., if a time terminated test.
(2) F d.f., if a failure terminated test

d. Compute the LCL as follows:

(1) For a time terminated test, multiply step c by T and
divide by the quantity (f+l).

(2) For a failure terminated test, multiply step b by step c.

NOTE: To maintain accuracy, the six decimal number
found in Table B-20, page 2-128.

e. Compute R as follows:

(1) Divide MP by step d.
(2) Use Table B-22, page 2-130, to obtain e raised to

the negative power of step (1).

f. Conclude that p is equal to or greater than R at the desired
confidence level.

g. If R is equal to or greater than po, decide that p is equal
to or greater than Po; otherwise, there is no reason to believe p is equal to
or greater than po at the desired confidence level.

10.2.2.4 EXAMPLE.

Given:

P0 = .75

Sample data at Table A-6c, page 1-21.
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Procedure: Example:
a. Choose the confidence a. a - .05

level (1-a). 1- a-.95

b. Compute: b. MTBF - 3752

MTBF - Tt
-F 

- 312.67

- 313

c. Use Table B-20, Page 2-128, c. LF for 13 d.f. - .668380
to obtain LFIa for:

(1) f-l d.f., if a time terminated
test.

(2) f d.f., if a failure
terminated test.

d. Compute: d. Since the example is a time
terminated test,

(1) For a time terminated test: LCL - (.668380) (3752)
LCL - (LF 1_a ) (Tt) 12 + 1

- 2507.761760
(2) For a failure terminated 13

test:
LCL - LF - (NTBF) - 192 hours

e. Compute: e. -48

- MP R - e 192.90
R-=e LCL - e -. 249

- .7796

f. Conclude that p > R at a f. Conclude that p > .77 at a
100 (1- a)% confidence level. 95% confidence level.

g. If R > po , decide that g. Since .77 > 75, decide that
p > P0 ; otherwise, there is no P > .75 at a 95% confidence
reason to believe P > po at a level.
100 (1- a )% confidence level.
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10.2.2.5 ANALYSIS

The reliability at a 100(l-a)% confidence level is computed
using the LCL of the MTBF. If R a Po, the null hypothesis that p z po is
accepted; otherwise, there is no reason to believe p 2 p. at a 100(l-a)%
confidence level.
10.2.3 SEQUENTIAL ANALYSIS

a. When testing an hypothesis using the sequential method,
the project officer is able to make one of the following three decisions
at any stage of testing:

(1) Accept the hypothesis.
(2) Reject the hypothesis.
(3) Continue the experiment by collecting additional data.

b. Usually a po of .95 with a high degree of assurance is
required. In order to achieve assurance of such a high P0, the project
officer would have to conduct excessive testing; e.g., many thousands
of miles, hours, or rounds. This may be impractical; however, using
the following statistical approach, the project officer will achieve the
predeteruined confidence level for reaching the accept decision.

c. If certain criteria are set up graphically, a decision can
be made to accept, reject, or continue testing the test item at any time.
This graph uses three areas to represent the decisions to accept, reject,
or continue testing the test item. The accept region is above a boundary
line determined by the addition of an amount of doubt (D) to po and the
confidence levels for rejection and acceptance. The continue testing
area is below the accept boundary line and above the reject boundary line.
The size of this area, which is an area of doubt for the test item, 's

determined by the project officer (see paragraph 4.14, page 14). TX area
of doubt is designed for a test item which may be good but has gottei off
to a slow start. In this case, a longer period of time will be required
to satisfy the doubts concerning acceptability of the test item. The
reject boundary line is determined by oP and the confidence levels for
rejection and acceptance. The area below this boundary line is the area
of rejection. A graph of this type is illustrated at Figure 16. Failures
are plotted on the horizontal axis with each increment representing one
failure and hours are plotted on the vertical axis.

d. The construction of the two boundary lines is described
in the procedure paragraph below.

10.2.3.1 OBJECTIVE

To determine whether P is equal to or greater than Po at the
desired confidence level.

10.2.3.2 DATA REQUIRED

The MP and Tt.

10.2.3.3 PROCEDURE

a. Construct the boundary lines as follows:
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(1) Choose a and 8, the probabilities of making Type I and
Type II errors respectively.

(2) Determine the upper limit (RU), which is the sum of Po
and the amount of doubt (RU - Po + D).

(3) Use Table B-19, page 2-127, to obtain a and b for
a and 0.

(4) Compute the required MTBF as follows:

(a) Fitd the natural logarithm of step (2).
(b) Divide the negative of the MP by step (a).

(5) Compute the mean time between failures for continued
testing (MTBFt) as follows:

(a) Find the natural logarithm of po.
(b) Divide the negative of the MP by step (a).

(6) Divide 1 by step (4) to obtain the failure rate (fr)*
(7) Divide 1 by step (5) to obtain the failure rate to

continue testing (C)rt)
(8) Subtract step (6) from step (7) to c.tain U, an

intermediate value.
(9) Compute V, an intermediate value, as follows:

(a) Divide step (4) by step (5).
(b) Find the natural logarithm of step (a).
(c) Divide step (b) by step (8).

(10) Determine the accept boundary line as follows:

(a) Divide the value a in step (3) by step (8).
Cb) Multiply step (9) by f.
(c) Add step (a) to step (b) to determine the mini.um

hours to test in order to make an accept decision
(TACCEPT - a + V(f)).

(d) Choose two values for f and substitute them into
the above equation to determine two points on the
accept boundary line.

NOTE: Use f - 0 and f - some large value;
such as, 4, 6, or 10.

(e) Draw the accept boundary line using the two points
determined from step (d).

(11) Determine the reject boundary line as follows:

(a) Divide the value b in step (3) by step (8).
(b) Multiply step (9) by f.
(c) Add step (a) to step (b) to determine the maximum

hours to test in order to make a reject decision
(TREJECT - 1 + V(f)).

U
(d) Choose two values for f and substitute them into

the above equation to determine two points on the
reject boundary line.
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(e) Draw the reject boundary line using the two points
determined from step (d).

(12) If the two lines are riot parallel, check the computations
and plotted points.

b. Plot the sample data on the sequential graph as follows:

(1) Plot the cumulative operating hours at appropriate
interval.

(2) After plotting each point, decide whether to accept,
reject, or continue testing the test item.

NOTE: An accept decision may be made before another
failure occurs in the event that the number of
operating hours increases sufficiently after
the last failure to cross the accept boundary
line.

10.2.3.4 EXAMPLE

a. Construct the boundary lines as follows:

Given:

po - .75
MP - 50 hours

Procedure: Example:

(1) Choose a and 8. (1) a - .05
1-a - .95
8 - .20
1-8 - .80

(2) RU p0o + D (2) RU - .75 + .05

- .80

(3) Use Table B-19, (3) a - 2.773
page 2-127, to obtain a b - -1.558
and b for a and 8.

(4) Compute: (4) MTBF -50.000
Zn .800

T n - •P -50.000
in Ru

-0.22314

- 224.07

(5) Compute: (5) MTBFt - -50.000
In .750

MTBFt =_MP -50.000
in P, -0. 28768

- 173.80
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(6) Compute: (6)

f 1 fr = 1
MTBF 224.07

- .0044629

(7) Compute: (7) 1

f 1i 173.80rt MTBFt - .0057536

(8) Compute: (8) U - .0057536 - .0044629
U - frt - fr - .0012908

(9) Compute: (9) In 2.

i KIMBFt _________1 %frinp (1773.8-0JIntv_______ 
.0012908

U In 1.29

.0012908

.25404

.0012908

= 196.81

(10) Compute: (10) . 2.773 + 196.81(f)
TACCEPT .0012908

TCET "-a + V(f)U - 2148.2+196.81(f)

When f - 0, TACCEPT - 2150

When f - 7, TACCEPT - 3530

Plot the points (0,2150) and
(7,3530) to determine the accept
boundary line.

-1. 55d
(11) Compute: (11) TT -012908 + 196.81(f)

TREjECT o-+1V90)
T b + V(f) - -1207+196.81(f)

When f = 0, TREJECT = -1207

When f = 7, TREJECT - 170

Plot the points (0,-1207) and
(7,170) to determine the reject
boundary line.

(12) If the two lines are not (12)
parallel, check the computations
and plotted points
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b. Plot the sample data on the sequential graph as follows:

Given:

Requirements and boundary lines from step a.
Sample data at Table A-6e, page 1-22.

Procedure: Example:

(1) Plot the cumulative operating (1) (a) (1,175)
hours at appropriate intervals (b) (2,490)
(fi, Ti). See Table A-6e, page 1-22

for complete list.

(2) After plotting each point, (2) For failures 1 through 4,
decide to accept, reject, or decide to continue testing.
continue testing the test item. Decide to accept the test item

when T - 3137 hours and
f - 5 since the accept boundary
line is crossed. See Table A-6f,
page 1-23.

10.2.3.5 ANALYSIS

a. The sequential method generally minimizes testing time and
N due to the fact that a decision to accept or reject is made as soon as
possible after the first failure. Since all failures are not necessarily
chargeable failures, decisions will be altered if certain failures are
not counted. If the project officer ignores a failure, the probability
of accepting an unacceptable item is increased. Therefore, the project
officer must carefully decide what constitutes a failure (see paragraph
4.2, page 2).

b. Due to the advantages just discussed, the sequential metnod
should be used whenever possible (see paragraph 10.2c, page 134).

10.3 COMBINED RELIABILITY

If a number of components of a system are connected in such
a way that the failure of any one component causes a failure of the system,
then these components are considered to be functionally in series. The
reliability of such a system can be determined by the following method.

10.3.1 OBJECTIVE

a. Case I: To determine the reliability of a system based on
the individual reliabilities of its components.

b. Case II: To determine the reliability of an individual
component of a system.

10.3.2 DATA REQUIRED

a. Case I: N and f for each component.

b. Case II: N and f for the component tested.
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10.3.3 PROCEDURE

a. Case I: Reliability of independent serial systems.

(1) Choose the desired confidence level.
(2) Compute the point estimate reliability (RpE) as follows:

(a) Subtract f from N for each component.
(b) Divide step (a) by N for each respective component.
(c) Multiply the results of step (b) by each other.

(3) Compute the system failures (f.) as follows:

(a) Subtract step (2) from 1.
(b) Multiply step (a) by the minimum N of the components.

(4) Co. - ite the LCL using Case II of paragraph 10.1.1.4,
page 122.

NOTE: When using f. to determine d.f. 1 and d.f. 2 ,
round off the results.

(5) Conclude that the p for the system is the LCL at the

desired confidence level.

b. Case II: Reliability of a component.

See Case III of paragraph 10.2.2.3, page 144.

10.3.4 EXAMPLE

a. Case I: Reliability of independent serial systems.

Given:
Sample data at Table A-6g, page 1-24.

Procedure: Example:

(1) Choose the confidence (1) a - .10
level (1-a). 1-a - .90

(2) Compute: (2) , j90-2- ,90-4 )(45-1)( 45-3)
N -f 90 0 45

' Ni - (.9778)(.9556)(.9778)

(.9333)

- (.9344)(.9126)

- .8527

(3) Compute: (3) fs = 45(1-.8527)

fs .Nmin(l-RPE) - 45(.1473)

- 6.628
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(4) Compute: (4) d.f. 1 - 2(6.628)+2
d.f.1 - 2(fs)+2 - 13.256+2

15.256
- 15

d.f-2 - 2 (Nmin)- 2 (fs) d.f. 2 - 2(45)-2(6.628)

- 90-13.256
- 76.744
- 76

NOTE: Use 15 and 70 in F
tables.

1 LCL - 1
LCL 16.628+1

1+ in-f s ) FPI- (45-6.628 .

See paragraph 10.1.1.4, Case 1
II, page 122, for details. + 7.6281
NOTE: N is the minimum N of +38.37 (1.58)

the components and fis fs" - 1
1+(.1988) (1.58)

1
T73T--

= .7610
- .76

(5) Conclude that the p for (5) Conclude that the p
the system is the LCL at a for the system is .76 at a
100(3-a)% confidence level. 90% confidence level.

b. Case II: Reliability of a component.
See Case II (3) of paragraph 10.1.1.4, page 122.

10.3.5 ANALYSIS

a. Case I. The point estimate (achieved) reliability of
an independent serial system is determined by multiplying together the point
estimate reliability of the components. The number of system failures is
determined by multiplying the minimum sample size of the components by the
quantity (l-RpE). The R of the system is then determined as a LCL (see
paragraph 10.1.1.4, Case II, page 122). The project officer will compare
this R to po to determine whether p Po at a 100(l-a)% confidence level.

b. Case II. R at a 100(l-a)% confidence level is computed as a
LCL. The project officer will compare this R to po to determine whether

1 Po at a 100(l-a)% confidence level.

11. MAINTENANCE EVALUATION

11.1 MAINTENANCE RATIO
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11.1.1 OBJECTIVE

To determine the maintenance ratio (MR) for the test item.

11.1.2 DATA REQUIRED

Records of active maintenance manhours and Tt.

11.1.3 PROCEDURE

a. Sum the active maintenance manhours to obtain the total

maintenance manhours (TM).

b. Sum the hours of operation to obtain Tt.

c. Divide TM by Tt.

11.1.4 EXAMPLE

Given:
Sample data at Table A-7b, page 1-26.

Procedure: Example:

a. Compute: a. TM - 9.25 manhours

TM - Z active maintenance
manhours.

b. Compute: b. Tt - 109.75 hours

Tt - Z operating time.

c. Compute: c. MR - 9.75• I109.7 5
MR TM

TR a T .084282Tt-
w .0842 manhours per hour

11.1.5 ANALYSIS

The MR indicates the amount of active maintenance manhours

required per operating hour for the test item.

11.2 MAINTAINABILITY

11.2.1 OBJECTIVE

To determine the maintainability (M).

11.2.2 DATA REQUIRED

a. Active maintenance time (AMT), the number of maintenance
actions (MA), the required maintenance action time Wu).

b. Time to repair (RT), w, and f.

11.2.3 PROCEDURE

a. Case I: Maintainability, based on all MA's.

(1) Sum the AMT's (ZAMT).
(2) Divide step (I) by MA to obtain the mean active

maintenance time (M).
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(3) Determine the maintenance action rate (AR) by dividing
1 by step (2).

(4) Compute K as follows:

(a) Multiply step (3) by w.
(b) Raise the exponential (e) to the negative power

of step (a) (see Table .3-22, page 2-130).
(c) Subtract step (b) from 1.

(5) Conclude that the M is the probability of completing
an MA of the population within prescribed limits based
on the sample.

b. Case II: Maintainability, based only on failures.

(1) Compute Y, an intermediate value, as follows:

(a) If f is equal to or less than 3, compute:

1. Use Table B-22, page 2-130 to obtain e
raised to the negative power of f.

2. Subtract step I from 1.

(b) If f is greater than 3, set Y equal to 1.

(2) Sum the repair time (ERT).
(3) Divide step (a, Wy f to obtain the mean time to

repair (MTTR).
(4) Divide 1 by step (3) to obtain the repair rate (RR).
(5) Compute U, an intermediate value, as follows:

(a) Multiply step (4) by w.
(b) Use Table B-22, page 2-130, to obtain e raised

to the negative power of step (a).
(c) Subtract step (b) from 1.

(6) Multiply step (1) by step (5) to obtain M.
(7) Conclude that the M is the probability of completing

a failure within prescribed limits based on the sample.

11.2.4 EXAMPLE

a. Case I: Maintainability, based on all MA's.
Given:
w- .5 hour
MA - 22
Sample data at Table A-7a, page 1-25.

Procedure: Example:

(1) Compute: (1) EAMT - 16.9 hours

ZAMT

(2) Compute: (2) 16.9
22

EAMT = .7682
MA- .77 hour per action.
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(3) Compute: (3) AR 1
.77045A - 1.3017

- 1.30 actions per hr.

(4) Compute: (4) M 1e_17"
H - i~e3017()) -65

M w1-e-(AR)() 1 65
Use Table B-22, page 2-130. 1-.-1-. 5215

.4785

.48

(5) Conclude that the M is (5) Conclude that .48 is the
the probability of completing probability of completing an
an MA within prescribed limits MA in .5 hour or less based
based oa the sample. on the sample.

b. Case II: Maintainability, based only on failures
Given:
w - .5 hours
f-5
Sample data at Table A-7a, page 1-25.

Procedure: Example:

(1) Compute: (1) Since 5 > 3,

(a) If f 4 3, compute: Y - 1

Y - l fe-

(b) If f > 3, compute:

Y-1

(2) Compute: (2) ZRT - 4.8 hours
ERT

4.8
(3) Compute: (3) MTTR 4-5

MTTR - T - .960 hr. perf failure

(4) Compute: 
(4) RR - 1

RR-MTT - 1.04 failures per
hr. of repair

(5) Compute: (5) -1e 104)(.5)

U -520

Use Table B-22, page 2-130. - 1-e

= 1-.5945

- .4055
= .41
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(6) Compute: (6) M- (1) (.41)

S- Y(U) = .41

(7) Conclude that the M (7) Conclude that .41 is
is the probability of the probability of completing
completing a failure within a failure in .5 hour or less
prescribed limits based on based on the sample.
the sample.

11.2.5 ANALYSIS

Maintainability is a characteristic of design and installation
which is expressed as the probability than an item will be retained in or
restored to a specified condition within a given period cf time, when the
maintenance is performed in accordance with prescribed procedures and
resources. The maintainability increases exponentially with time for a
given maintenance action rate. The greater the time available to perform
a MA, the greater will be the probability of successfully performing the
maintenance action.

11.3 AVAILABILITY

Availability is a measure of the degree to which an item is
in the operable and committable state when the mission is called for at
an unknown (random) point in time. Availability actually consists of two
components: maintainability and reliability. Poor reliability can be
offset by correspondingly improved maintainability. For test purposes
availability is broken down into three types which are discussed in the
following paragraphs.

11.3.1 INHERENT AVAILABILITY

11.3.1.1 OBJECTIVE

To determine the inherent availability (Ai) of the test item
as an estimate of the population availability.

11.3.1.2 DATA REQUIRED

Tt, f, and RT's.

11.3.1.3 PROCEDURE

a. Compute MTBF (see paragraph 10.2.1.1.3, page 134).

b. Compute the mean time to repair (MTTR) as follows:

(1) Sum the RT's (ERT).
(2) Divide step (1) by f.

c. Compute Ai as follows:

(1) Add step a to step b.
(2) Divide step a by step (1).

d. Conclude that the inherent availability of the sample is
lO0(AI)%.
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11.3.1.4 EXAMPLE
Given:
Sample data at Table A-7b, page 1-25.

Procedure: Example:

a. Compute: a. MTBF - 109.8/3
Tt - 36.600 hours

MTBF -- f

b. Compute: b. MTTR - 4.8/3

MTTR - ERT a 1.600 hours per
f failure

c. Compute: c. 36.600
36.600+1.600

A - MTBF 36.600
MTBF+MTTR

38.200

- .95811

- .958

d. Conclude that the inherent d. Conclude that the inherent
availability of the sample is availability of the sample is
l00(Ai)%. 95.8%.

11.3.1.5 ANALYSIS

Ai is the probability that a system or equipment, when used
under stated conditions without consideration for any scheduled or pre-
ventive maintenance in an ideal support environment; i.e., when all tools,
parts, manpower, and manuals are available, will operate satisfactorily
at any given time. Ai excludes ready time, preventive maintenance
downtime , supply downtime, and waiting or administrative downtime. Ai is a
prediction of the population inherent availability.
11.3.2 ACHIEVED AVAILABILITY

11.3.2.1 OBJECTIVE

To determine the achieved availability (Aa) of the test item.

11.3.2.2 DATA REQUIRED

Tt, MA, and AMT.

11.3.2.3 PROCEDURE

a. Divide Tt by MA to obtain the mean time between maintenance
(MT BM)

b. Compute R as follows:

(1) Sum the AMT's.
(2) Divide step (1) by MA.

-159-

/'
I/



MTP 3-1-005
Iarck. 19.72

c. Compute Aa as follows:
(1) Add step a and step b.

(2) Divide step a by step (1).

d. Conclude that the achieved availability of the sample
is 100(Aa)%.

11.3.2.4 EXAMPLE

Given:
Sample data at Table A-7b, page 1-26.

Procedure: Example:

a. Compute: a. MTBM - 109.8/7
STt - 15.686
MTBM --

MA - 15.7 hr. per MA
b. Compute: b. I - 6.8/7

R= ZAMT - .971

MA - .97 Active maint-
enance time per MA

c. Compute: 15.686c. Aain

A a MTBM 15.686+.971

MT M++ 15.686

16.657

- .941706

t .94

d. Conclude that the achieved d. Conclude that the achieved
availability of the sample is availability of the sample is 94%.
lOO(Aa)%,

11.3.2.5 ANALYSIS

Aa is the probability that a system or equipment, when used
under stated conditions in an ideal support environment, will operate
satisfactorily at any given time. Aa is the sample's achieved availability
and excludes supply downtime and waiting or administrative downtime.

11.3.3 OPERATIONAL AVAILABILITY

11.3.3.1 OBJECTIVE

"To determine the operational availability (Ao) of the test item.

11.3.3.2 DATA REQUIRED

Tt, MA, AMT, and delay time (supply and administrative downtime).
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11.3.3.3 PROCEDURE

a. Compute MTBM (see paragraph 11.3.2.3, page 158).

b. Sum the AMT's and the delay time.

c. Divide step b by MA to obtain the mean downtime (MDT).

d. Compute Ao as follows:

(1) Add step a and step c.
(2) Divide step a by step (1).

e. Conclude that the operational availability of the sample
in a test support environment is 100(Ao)%.

11.3.3.4 EXAMPLE
Given:
Sample data at Table A-7b, page 1-26.

Procedure: Example:

a. Compute: a. MTBM - 109.8/7
Tt - 15.686

MTBM - -
M - 15.7 hrs. per MA

b. Compute: b. LAMT - 6.8

ZAMT E delay time - 8.8

Z delay time

c. Compute: c. MDT W 6.8 + 8.8

MDT - EAMT+Z delay time 
15.67

MA a -

- 2.228

- 2.23 hrs. per down

d. Compute: d. A 15.686
0 15.686+2. 229

A0  MTBM 15.686
17.914

= .875628

= .876

e. Conclude that the operational e. Conclude that the operational
availability of the sample in a availability of the sample in a
test support environment is test support environment is 87%.
100 (Ao)%.
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11.3.3.5 ANALYSIS

Ao is the probability that a system or equipment, when used
under stated conditions in a real support environment, will operate
satisfactorily at any given time. Ao includes ready time, maintenance
downtime, preventive maintenance downtime, supply downtime, and waiting
or administrative downtime.
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TABLE A-la

BLVARIATE NORMAL DISTRIBUTION RAW DATA

READING NUMBER EASTING NORTHING

1 2500 3218
2 2601 3305
3 2575 3279
4 2581 3221
5 2560 3250

6 2590 3261
7 2565 3249
8 2575 3250
9 2560 3239

10 2560 3251
11 2576 3270

12 2553 3251
13 2550 3280
14 2570 3245
15 2549 3278

TABLE A-lb

BIVARIATE NORMAL DISTRIBUTION GROUPED DATA

S I I I I Ia, 0 0

cNi C ~ c .

NORTH 
TOTAL

3300-3319 1
3280-2399 

0
3260-3279 2 2 1 5
3240-3259 1 4 1 6
3220-3239 1 1 2
3200-3219 1

TOTAL 1 0 3 7 3 1
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TABLE A-2a

MEAN

TEST:

Prepare for action under daylight condition.

TIME
(minutes)

A A2

89.3 2.883 8.312
90.4 3.983 15.864

86.0 -. 417 .174

83.6 -2.817 7.936

84.4 -2.017 4.068

86.1 -. 317 .100

86.0 -. 417 .174

88.0 1.583 2.506

86.7 .283 .080
87.4 .983 .966

86.1 -. 317 .100

83.0 -3.417 11.676

N - 12

X = 86.417

- 86.4 min.
Z-2 - 51.9567

s2 4.723

s - 2.173

2.2 mi:i.
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TABLE A-2b

COMPARING TWO MFANS (TYPE A: Test Item)

RANGE
ROUND NUMBER (meters) AA

1 5440 38.60 1489.96

2 5379 -22.40 501.76

3 5402 .60 .36

4 5400 -1.40 1.96

5 5400 -1.40 1.96

6 5397 -4.40 19.36

7 5383 -18.40 338.56

8 5400 -1.40 1.96

9 5405 3.60 12.96

10 5395 -6.40 40.96

11 5397 -4.40 19.36

12 5390 -11.40 129.96

13 5402 .60 .36

14 5389 -12.40 153.76

15 5406 4.60 21.16

16 5420 18.60 345.96

17 5423 21.60 466.56

18 5401 -0.40 .16

19 5400 -1.40 1.96

2U 5399 -2.40 5.76

XA - 5401.40

- 5401 meters

Z RangeA - 108,028

- 3552.80

2 186.99

sA= 13.67

= 14 meters
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TABLE A-2c

COMPARING TWO MEANS (TYPE B: Standard Item)

RANGE
ROUND NUMBER (meters) AB

1 5380 7.75 60.06

2 5374 1.75 3.06

3 5374 1.75 3.06

4 5390 17.75 315.06

5 5351 -21.25 451.56

6 5348 -24.25 588.06

7 5350 -22.25 495.06

8 5370 -2.25 5.C6

9 5374 1.75 3.06

10 5390 17.75 315.06

11 5381 8.75 76.56

12 5374 1.75 3.06

13 5380 7.75 60.06

14 5375 2.75 7.56

15 5390 17.75 315.06

16 5370 -2.25 5.06

17 5359 -13.25 175.56

18 5370 -2.25 5.06

19 5370 -2.25 5.06

20 5375 2.75 7.56

XB = 5372 meters

Z RangeB 107,445
Z L2 = 2899.70

s2 = 152.62

SB = 12.35

= 12 meters
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TABLE A-2d

COMPARING TWO MEANS WITH VARIABILITY ASSUMED UNEQUAL

(Type B: Standard Item)

RANGE AROUND NUMBER (meters) B B
1 5345 33.30 1108.89
2 5387 9.30 86.49
3 5385 7.30 53.29
4 5374 -3.70 13.69
5 5385 7.30 53.29
6 5388 10.30 106.09
7 5375 -2.70 7.29
8 5385 7.30 53.29
9 5379 1.30 1.69

10 5380 2.30 5.29

XB - 5378.30
- 5378 meters

E RangeB - 53,783
EA2 1489.30

s= 165.48

SB =12.86

" 13 meters
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TABLE A-2e

COMPARING MEANS OF PAIRED
OBSERVATIONS

CAPACITY OF BATTERIES
(ampere hours)

BATTERY A BATTERY B Xd-XA-XB _2

146.0 141.0 5.0 5.10 26.01
141.5 143.5 -2.0 -1.90 3.61
135.2 139.2 -4.0 -3.90 15.21
142.1 139.1 3.0 3.10 9.61
140.3 140.3 0.0 .10 .01
143.3 141.3 2.0 2.10 4.41
138.0 138.0 0.0 .10 .01
137.0 140.0 -3.0 -2.90 8.41
142.0 142.0 0.0 .10 .01
136.9 138.9 -2.0 -1.90 3.61

N - 10

E xd =- -

ýd = .10

E A2 = 70.90

s= 7.88

sd = 2.81

=3
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TABLE A-2f

COMPARING MEANS OF SEVERAL PRODUCTS

The following data is related to the life span of a
resistor (in hours).

RESISTOR

TYPE I TYPL 2 TYPE 3 TYPE 4

518 502 554 555

560 574 598 567

538 528 579 550

510 534 538 535

544 538 544 540

-xi = 2670 hours 2682 hours 2813 hours 2747 hours

Ni - 5 5 5 5

X - 534.00 536.40 562.60 549.40

- 534 536 563 549

S2 - 406.00 574.80 636.8 159.30
i

- 406 hours 575 hours 636 hours 159 hours
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TABLE A-2g

COMPARING MEANS OF SEVERAL PRODUCTS

The following data is related to the range of a particular
am-inition fired from various guns (meters).

TYPE 1 TYPE 2 TYPE 3 TYPE 4

5,120 5,000 5,581 5,130

5,300 5,010 5,590 5,150

5,285 5,032 5,580 5,205

5,291 4,989 5,595 5,100

5,202 5,025 5,598 5,125

5,170 5,589 5,175

5,188 5,580 5,150

5,598

5,551

Ex- 36,556 25.056 50,262 36.035
meters meters meters meters

NI1  7 5 9 7

XJ - 5,222.29 5,011.20 5584.67 5,147.86

W 5,222 5,011 5585 5,148

2 . 4,912.90 310.7 212.50 1190.48

W 4,913 311 212 1190
meters meters meLers meters

1-8

i \. "



//

MTP 3-1-005
1 March 1972

TABLE A-3a

STANDARD DEVIATION (TYPE A: Test Item)

READING (A A2(A2)
(minutes) A A

100 -9.40 88.36
125 15.60 243.36
98 -11.40 129.96

100 -9.40 88.36
112 2.60 6.76
115 5.60 31.36
120 10.60 112.36
"110 .60 .36
100 -9.40 98.36
114 4.60 21.16

For Type A item

N - 10 N 10

X - 109.40 XA 109.40

-= 109 min. = 109 min.

E = 810.40 EL= 810.40
A

s2 = 90.04 s= 90.04

s = 9.49 sA 9.49

- 9 min. 9 min.

/
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TABLE A-3b

STANDARD DEVIATION (TYPE B: Standard Item)

READING AA
(minutes) 

B

"" 86 -2.50 6.25

84 -4.50 20.25

93 4.50 20.25

85 -3.50 12.25

91 2.50 6.25

84 -4.50 20.25

90 1.50 2.25

92 3.50 12.25

85 -3.50 12.25

94 5.50 30.25

91 2.50 6.25

87 -1.50 2.25

N -12

XE B 88.5

- 88 min.

A2- 151.00
B

s- 13.73

sB= 3.71

= 4 min.

7.--I0
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TABLE A-4a

PART I

FUSE SUCCESS FAILURE TOTAL
TYPE (Class I) (Class II)

TYPE A IA - 4  1 1A w 2  NA - 6

TYPE B IB a 8  IIB - 2 NB -i0

TOTAL 12 4 16

PART II

FUSE SUCCESS FAILURE
TYPE (Class I) (Class II) TOTAL

Larger Sample I, - 8 II - 2 NI - 10
(Type B)

Smaller Sample 12 = 4 112 - 2 N2 -6
(Type A)

TOTAL 12 4 16

TABLE A-4b

Given Characteristic: Proportion of Hits

FUZE TYPE SUCCESS FAILURE TOTAL
(Class I) (Class II)

Type A IA a 181 IIA - 3 5  NA - 216

Type B IB - 160 IIB - 56 NB - 216

TOTAL TI = 341 T1 1 - 91 T = 432

1-1
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TABLE A-5a

AP POINTS OF DIFFERENCE POINTS OF IMPACT
IMPACT R(+) O(+) AROUND T E MEAN AP

L(-) S(-)

(2500,3005) (2350,3100) (-150,95 (2005,2304)

(1537,1825) (1649,2031) (112,206) (2267,2415)

(2041,2800) (2175,2520) (134,-280) (2289,1929)

(3000,1945) (2793,2275) (-207,330) (1948,2539)

(1874,1700) (1954,1439) (80,-261) (2235,1948)

(1500,2734) (1748,3088) (248,354) (2403,2563)

(2273,1679) (2345,2310) (72,631) (2227,2840)

(1725,2600) (1539,2415) (-186,-185) (1969,2024)

(2758,1503) (2833,1100) (75,-403) (2230,1806)

(2340,2300) (2094,2466) (-246,166) (1909,2375)

Mean AP: (2155,2209)

1-12
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TABLE A-5b

PE: STANDARD DEVIATION

READING NUMBER READING A2
(meters)

1 1248 -10.00 100.0
2 1100 -158.00 24,964.0
3 1260 2.00 4.0
"4 1300 42.00 1,764.0
5 1260 2.00 4.0
6 1234 -24.00 576.0
7 1287 29.00 841.0
8 1275 17.00 289.0
9 1290 32.00 1,024.0

10 1280 22.00 484.0
11 1225 -33.00 1,089.0
12 1325 67.00 4,489.0
13 1223 -35.00 1,225.0
14 1299 41.00 1,681.0
15 1268 10.00 100.0
16 1254 -4.00 16.0

N - 16

X- 1258.00

- 1258 meters

Z62 = 38,650.0

s2 - 2,576.67

s - 50.76

- 51 meters

1-13
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TABLE A-5c

PE SUCCESSIVE DIFFERENCES

READING NUMBER READING d d2
(meters)

1 1248
2 1100 148 21,904
3 1260 -160 25,600
4 1300 -40 1,600
5 1260 40 1,600
6 1234 26 676
7 1287 -53 2,809
8 1275 12 144
9 1290 -15 225

10 1280 10 100
"11 1225 55 3,025
12 1325 -100 10,000
13 1223 102 10,404
14 1299 -76 5,776
15 1268 31 9617.

16 1254 14 196

N - 16

E d2 - 85,020

""•2= 5,668.00

sd = 75.29

- 75

1-14
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TABLE A-5d

OUTLIER FOR PE

READING NUMBER READING 6

(meters)

1 1248 20.53 421
2 1100 Isolate as an outlier
3 1260 -8.53 73
4 1300 31.47 990
5 1260 -8.53 73
6 1234 -34.53 1192
7 1287 18.47 341
8 1275 6.47 42
9 1290 21.47 461

10 1280 11.47 132
11 1225 -43.53 1895
12 1325 56.47 3189
13 1223 -45.53 2073
14 1299 30.47 928
15 1268 -. 53 0
16 1254 -14.53 211

N1 - 15

X, = 1268.53

- 1269 meters

Z = 12021

s2 = 858.64

= 859 meters

1 15
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TABLE A-5e

CIRCULAR PROBABLE ERROR (CPE)
READING EASTING AE AE2
NUMBER COORDINATE

1 48270 -104.47 10,914
2 48356 -18.47 341
3 47962 -412.47 17.;,132
4 48001 -373.47 139,480
5 48512 137.53 18,915
6 47570 -804.47 647,172
7 48830 455.53 207,508
8 48781 406.53 165,267
9 48329 -45.47 2,068

10 48659 284.53 80,957
11 48238 -136.47 18,642
12 48762 387.53 149,404
13 48325 -49.47 2,447
14 48515 140.53 19,749
15 48507 132.53 17,564

N - 15

EAST 48374.47

"- 48374

ZAE2 - 1,650,542

s2 - 117,895.9
E

sE m 343.36

- 343
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1 March 1972

TABLE A-5e

CPE continued

READING NORTHING
NUMBER COORDINATE AN 0N2  d.M

1 46530 -174.00 30,276 203
2 46516 -188.00 35.344 189
3 45378 -1326.00 1,758,276 1389
4 45971 733.00 537,289 822
5 46831 127.00 16,129 188
6 46972 268.00 71,824 847
7 47015 311.00 96,721 552
8 46505 -199.00 39,601 453
9 47230 526.00 276,676 528

10 46993 289.00 83,521 406
11 47020 316.00 99,856 344
I2 47044 340.00 115,600 516
13 46845 141.00 19,881 149
14 46570 -134.00 17,956 194
15 47140 436.00 190,096 456

N = 15
NORTH - 46704.00

- 46704

ZAN2 = 3,389,046

92 = 242,074.7

N

=N = 492.01

- 492
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TABLE A-5f

OUTLIERS FOR CPE

SUSPECTED E N d/OUTLIER - - --

3 47962 441.93 45378 1420.71 1488.2
READING NUMBER E AE 6E2

1 48270 -133.93 17,937
2 48356 -47.93 2,297
4 48001 -402.93 162,353
5 48512 108.07 11,679
6 47570 -833.93 695,439
7 48830 426.07 181,536
8 48781 377.07 142,182
9 48329 -74.93 5,615

10 48659 255.07 65,061
11 48238 -165.93 27,533
12 48762 358.07 128,214
13 48325 -78.97 6,230
14 48515 111.07 12,337
15 48507 103.07 10,623

N, - 14

EAST - 48403.93

- 48404

ZAE 2 - 1,469,036

S2 E 113,002.8

sE - 336.16

- 336
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TABLE A-5f continued

READING NUMBER N AN AN2

1 46530 -268.71 72,205
2 46516 -282.71 79,925
4 45971 -827.71 685,104
5 46831 32.29 1,043
6 46972 173.29 30,029
7 47015 216.29 46,781

8 46505 -293.71 86,266
9 47230 431.29 186,011

10 46993 194.29 37,749
11 47020 221.29 48,969
12 47044 245.29 60,167
13 46845 46.29 2,143
14 46570 -228.71 52,308
15 47140 341.29 116,479

NlI 14

NORTH - 46798.71

"- 46799

EAN 2 - 1,505,179

-1 - 115,783.0

ON - 340.27

- 340

TABLE A-6a

SEQUENTIAL TESTING: SUCCESS - FAILURE

FAILURE SAMPLES TESTED COORDINATES

1 30 (30,1)
2 75 (75,2)
3 110 (110,3)
4 160 (160,4)
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TABLE A-6c

FAILURES OPERATING HOURS

1 360

2 275

3 320

4 311

5 285

6 290

7 318

8 314

9 340

10 298

11 300

12 310

31*
3752

* Since no failure corresponds to the 31 under Operating Hours,
this is a time terminated test.
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TABLE A-6d

HOURS
FT BETWEENFAILURES t FAILURES A A2

(hours)

1 200 200 -6.83 46.6
2 410 210 3.17 10.0
3 595 185 -21.63 476.5
4 816 221 14.17 200.8
5 1046 230 23.17 536.8
6 1241 195 -11.83 139.9

F-6

MTBF - 206.83

- 207 hours
-2 - 1410.6

s2- 282.1

S " 16.80

- 17 hours

TABLE A-6e

SEQUENTIAL TESTING: rONTINUOUS TEST
FAILURE OPERATING
NUMBER TIME COORDINATE

(hours)

1 175 (1,175)
2 490 (2,490)
3 985 (3,985)
4 1500 (4,1500)
5 2495 (5,2495)
6 3290 (6,3290)
7 4075 (7,4075)

1-22



MTP 3-1-005
1 March 1972

w~~~~, _t.i4 ** ,.3

z uu

T -

.. . . .. . . .

CD )

0 0 0 0..0 0 0.

0_ 0. 0. 0.0... 0 0
0 w0 ~ n 0 i

Tn~N

Sa~jjOH

M"1-23



TlTP 3-1-005
1 March 1972

T.ABLE A-6g

COMBINED RELIABILITY

COMPONENT SAMPLE

NUMBER SIZE FAILURES

1 90 2

2 90 4

3 45 1

4 45 3
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TABLE A-7a

MAINTAINABILITY

MATNTENANCE MAINTENI NCE
ACTION ACTION TIME

1 .6
2 Failure 1.2

3 .4
4 

.9
5 2.3
6 Failure 2.0
7 1.4
8 .7
9 .8

10 Failure .6
11 .1
12 Failure .5
13 .4
14 .4
15 1.0
16 1.1
17 Failure .5
18 .3
19 .3
20 .4
21 .6
22 .4

1-25
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TABLE A-7b

DATE 3 Mk. 4MAR 5 MAR 6 MAR 7MAR

1. Operating time 22.0 23.0 21.3 23.0 20.5

2. Active Mainte-
nance*

a. Time 1.50 .5 2.0 .5 2.3
b. Manhours 2.0 1.0 3.0 1.0 2.3

3. Number of MA 2 1 2 1 1

4. Failures 1 0 1 0 1

5. Time to Repair
Failures 1.5 0.0 2.0 0.0 1.3

6. Delay time 0.0 0.0 7.0 0.0 1.8

Remarks: Date

5 Mar: Delay time - driver sick.
7 Mar: Delay time - supply delay.

*Includes preventive and corrective maintenance action.
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INCLOSURE II
STATISTICAL TABLES

NUMBER TITLE PAGE

B-I Range (estimate of a) 2-1

B-2 Mean Deviation 2-2

B-3 Normal Distribution (area) 2-3

B-4 Cumulative Normal Distribution 2-4

B-5 Percentiles of the t Distribution 2-5

B-6 Percentiles of the Studentized Range, q 2-6

B-7 Percentiles of the X2 Distribution 2-12

B-8 Percentiles of the F Distribution 2-18

B-9 Two-Sided Confidence Limits for a 2-35

B-10 One-Sided Confidence Limits for a 2-37

B-lI Determination of Sample Size (s and co) 2-38

B-12 Determination of Sample Size (s and s 2-41
B-13 *Confidence Limits for P (two-sided)

B-14 Confidence Limits for P (one-sided) 2-50

B-15 Table of Arc Sine Transformation for P 2-54

B-16 2 X 2 Tables 2-55

B-17 CV Tables 2-71

B-18 Reliability: Success-Failure 2-74

B-19 Sequential Test 2-127

B-20 Factors for Determining Lower Confidence 2-128
Limit for the Exponential Meah Life

B-21 Factors for Determining Upper Confidence 2-129
Limit for the Expinential Mean Life

B-22 Exponential Distribution 2=130

B-23 frend Test 2-133
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TABLE B-1

RANGE

Range to estimate i k Range

SAMPLE k

2 .886

3 .591

4 .486

5 .430

6 .395

7 .370
8 .351

9 .337
10 .325
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TABLE B-2

MEAN DEVIATION

Mean Deviation estimate of a c • mean deviation

SAMPLE SIZE c

2 .886

3 .591

4 .377

5 .302

6 .237

7 .203

8 .172

9 .153

10 .135
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TABLE B-3

NORMAL DISTRIBUTION

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

0.0 .0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0319 .0359
0.1 .0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753
0.2 .0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1!03 .1141
0.3 .1179 .1217 .1255 .1293 .1331 .1368 .1406 .1443 .1480 .1517
0.4 .1554 .1591 .1628 .1664 .1700 .1736 .17;2 .1808 .1844 .1879
0.5 .1915 .1950 .1985 .2019 .2054 .2088 .2123 .2157 .2190 .2224

0.6 .2257 .2291 .2324 .2357 .2389 .2422 .2454 .2486 .2517 .2549
0.7 .2580 .2611 .2642 .2673 .2704 .2734 .2764 .2794 .2823 .2852
0.8 .2881 .2910 .2939 .2967 .2995 .3023 .3051 .3078 .3106 .3133
0.9 .3159 .3186 .3212 .3238 .3264 .3289 .3315 .3340 .3365 .3389
1.0 .3413 .3438 .3461 .3485 .3508 .3531 .3554 .3577 .3599 .3621

1.1 .3643 .3665 .3686 .3708 .3729 .3749 .3770 .3790 .3810 .3830
1.2 .3849 .3869 .3888 .3907 .3925 .3944 .3962 .3980 .3997 .4015
1.3 .4032 .4049 .4066 .4082 .4099 .4115 .4131 .4147 .4162 .4177
1.4 .4192 .4207 .4222 .4236 .4251 .4265 .4279 .4292 .4306 .4310
1.5 .4332 .4345 .4357 .4370 .4382 .4394 .4406 .4418 .4429 .4441

1.6 .4452 .4463 .4474 .4484 .4495 .4505 .4515 .4525 .4535 .4545
1.7 .4554 .4564 .4573 .4582 .4591 .4599 .4608 .4616 .4625 .4633
1.8 .4641 .4649 .4656 .4664 .4671 .4678 .4686 .4693 .4699 .4706
1.9 .4713 .4719 .4732 .4732 .4738 .4744 .4750 .4756 .4761 .4767
2.0 .4772 .4778 .4783 .4788 .4793 .4798 .4803 .4808 .4812 .4817

2.1 .4821 .4826 .4830 .4834 .4838 .4842 .4846 .4850 .4854 .4857
2.2 .4861 .4864 .4868 .4871 .4875 .4878 .4881 .4884 .4887 .4890
2.3 .4893 .4896 .4898 .4901 .4904 .4906 .4909 .4911 .4913 .4916
2.4 .4918 .4920 .4922 .4925 .4927 .4929 .4931 .4932 .4934 .4936
2.5 .4938 .4940 .4941 .4943 .4945 .4946 .4948 .4949 .4951 .4952

2.6 .4953 .4955 .4956 .4957 .4959 .4960 .4961 .4962 .4963 .4964
2.7 .4965 .4966 .4967 .4968 .4969 .4970 .4971 .4972 .4973 .4974
2.8 .4974 .4975 .4976 .4977 .4977 .4978 .4979 .4979 .4980 .4981
2.9 .4981 .4982 .4982 .4983 .4984 .4984 .4985 .4985 .4986 .4986
3.0 .4987 .49A7 .4987 .4988 .4988 .4989 .4989 .4989 .4990 .4990

Source: From THEORY AND PROBLEMS OF STATISTICS bv Murray R. Spiegel.
Cc.yright 1961 by McGraw-Hill, Inc. Used with permislion of
McGraw-Hill BoGk Company.
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TABLE B-4
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TABUE B-5

PERCENTILES OF THE t DISTRIBUTION

t [.60 t.70 t. ?5 t . 90 t.8ý' t.M7" t.90 t.9" t.t)7ý t-94 t. 1

1 .325 .727 1.000 1.376 1.963 2.414 2.078 6.314 12.706 31.821 63.657

2 .28V .617 .816 1.061 1.J86 1.604 1.886 2.920 4.303 6.965 9.925
3 .277 .584 .765 .978 1.250 1.423 1.638 2.353 3.182 4.541 5.841
4 .271 .569 .741 .941 1.190 1.344 1.533 '32 2.776 3.747 4.604
5 .267 .559 .727 .920 1.156 1.301 1.476 15 2.571 3.365 4.032

6 .265 .551 .718 .906 1.134 1.273 1.440 1.943 2.447 3.143 3.707
7 .263 .549 .711 .896 1.119 1.254 1.415 !.895 2.365 2.998 3.499
8 .262 .546 .706 .289 1.108 1.240 1.397 1.860 2.306 2.896 3.355
9 .261 .543 .703 .883 1.100 1.230 1.383 1.833 2.262 2.821 3.250

10 .260 .542 .700 .879 1.093 1.221 1.372 1.812 .2.228 2.764 3.ibt,ý

11 .260 .540 .697 .876 1.088 1.214 1.363 1.796 2.201 2.718 3.106
12 .259 .539 .695 .873 1.083 1.209 1.356 1.782 2.179 2.681 3.055
13 .259 .538 .694 .870 1.079 1.204 1.350 1.771 2.160 2.650 3.012
14 .258 .537 .692 .868 1.076 1.200 1.345 1.761 2.145 2.624 2.977
15 .258 .536 .691 .866 1.074 1.197 1.341 1.753 2.131 2.602 2.947

16 .258 .535 .690 .865 1.071 1.194 1.337 1.746 2.120 2.583 2.921
17 .257 .534 .689 .863 1.069 1.191 1.333 1.740 2.110 2.567 2.898
18 .2%7 .534 .688 .A62 1.067 1.189 1.330 1.734 2.101 2.552 2,878
19 .257 .533 .608 P61 1.066 1.187 1.328 1.729 2.093 2.539 2.861
20 .257 .533 .687 .860 1.064 1.185 1.325 1.725 2.086 2.528 2.845

21 .257 .532 .686 .859 1.063 1.183 1.323 1.721 2.080 2.518 2.831
22 .256 .532 .686 .858 1.061 1.182 1.321 1.717 2.074 2.508 2.819
23 .256 .532 .685 .858 1.060 1.180 1.319 1.714 2.069 2.500 2.807
24 .256 .531 .685 .857 1.059 1.179 1.318 1.711 2.064 2.492 2.797
25 .256 .531 .684 .856 1.058 1.178 1.316 1.708 2.060 2.485 2.787

26 .256 .531 .684 .856 1,058 1.177 1.315 !.706 2.056 2.479 2.779
27 .256 .531 .684 .855 1.057 1.176 1.314 1.703 2.052 2.473 2.771
28 .256 .530 .683 .855 1.056 1.175 1.313 1.701 2.04P 2.467 2.763
29 .256 .530 .683 .854 1.055 1.174 1.311 1.699 2.045 2.462 2.756
30 .256 .530 .683 .854 1.055 1.173 1.310 1.697 2.042 2.457 2.750

40 .255 .529 .681 .851 1.050 1.167 1.303 1.684 2.021 2.423 2.704
60 .254 .527 .679 .848 1.046 1.162 1.296 1.671 2.000 2.390 2.660

120 .254 .526 .677 .845 1.041 1.156 1.289 1.658 1.980 2.358 2.617
.253 .524 .674 .842 1.036 1.150 1.282 1.645 1.960 2.326 2.576

Linear interpolation may be used to obtain the t value for the d.f. value which Is not In the
table; however, the following formula Is a more accurate method of obtaining the t value

+ 1-ndt*tld.f.(1 ____f -1
'f- . 1--o,d.f. l-' t I-d.f I

l/d.f.L l/d.f. - 1.•dfL-t~~~

where d.f. - degreea of freedom not in table.

d.f. U upper value, degree of freedom Just larger than d.f.

d.f. - lower value, degree of freedom just smaller than d.f.
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TABLE B-6

PERCENTILES OF THE STUDENTIZP.D RANGE, q

d.f 2 3 4 5 6 7 a 9 10

1 8.93 13.44 16.36 18.49 20.15 21.51 22.64 23.62 24.48

2 .13 5.73 6.77 7.54 8.14 8.63 9.05 9.41 9.72

3 3.33 4.47 5.20 5.74 6.16 6.51 6.81 7.06 7.29

4 3.01 3.98 4.59 5.03 5.39 5.68 5.93 6.14 6.33

5 2.85 3.72 4.26 4.66 4.98 5.24 5.46 5.65 5.82

6 2.75 3.56 4.07 4.44 4.73 4.97 5.17 5.34 5.50

7 2.68 3.45 3.93 4.28 4.55 4.78 4.97 5.14 5.28

8 2.63 3.37 3.83 4.17 4.43 3.65 4.83 4.99 5.13

9 2.59 3.32 3.76 4.08 4.34 4.54 4.72 4.87 5.01

10 2.56 3.27 3.70 4.02 4.26 4.47 4.64 4.78 4.91

11 2.54 3.23 3.66 3.96 4.20 4.40 4.57 4.71 4.84

12 2.52 3.20 3.62 3.92 4.6 4.35 4.51 4.65 4.78

13 2.50 3.18 3.59 3.88 4.12 4.30 4.46 4.60 4.72

14 2.49 3.16 3.56 3.85 4.08 4.27 4.42 4.56 4.68

15 2.48 3.14 3.54 3.83 4.05 4.23 4.39 4.52 4.64

16 2.47 3.12 3.52 3.80 4.03 4.21 4.36 4.49 4.61

17 2.46 3.11 3.50 3.78 4.00 4.18 4.33 4.46 4.58

18 2.45 3.10 3.49 3.77 3.98 4.16 4.31 4.44 4.55

19 2.45 3.09 3.47 3.75 3.97 4.14 4.29 4.42 4.53

20 2.44 3.08 3.46 3.74 3.95 4.12 4.27 4.40 4.51

24 2.42 3.05 3.42 3.69 3.90 4.07 4.21 4.34 4.44

30 2.40 3.02 3.39 3.65 3.85 4.02 4.16 4.28 4.38

40 2.38 2.99 3.35 3.60 3.80 3.96 4.10 4.21 4.32

60 2.36 2.96 3.31 3.56 3.75 3.91 4.04 4.16 4.25

120 2.34 2.93 3.28 3.52 3.71 3.86 3.99 4.10 4.19

2.33 2 90 3.24 3.48 3.66 3.81 3.93 4.04 4.13
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MTP 3-1-005
1 March 1972

TABLE B-6 coutixsd

PLECENTIIlS OF TIHE STUDENTIZED RANGE, q
q.90

Fd.f. 2 . 11 12 13 14 15 16 17 18 19 20

1 25.24 25.92 26.54. 27.1C 27.62 28.10 28.54 28.96 29.35 29.71

2 10.01 10.26 10.49 10.70 10.89 12.07 11.24 11.39 11.54 11.68

3 7.49 7.67 7.83 7.98 8.12 8.25 8.37 8.48 8.58 8.68

4 6.49 6.65 6.78 6.91 7.02 7.13 7.23 7.33 7.41 7.50

5 5.97 6.10 6.22 6.34 6.44 6.54 6.63 6.71 6.79 6.86

6 5.64 5.76 5.87 5.98 6.07 6.16 6.25 6.32 6.40 6.47

7 5.41 5.53 5.64 5.74 5.83 5.91 5.99 6.06 6.13 6.19

8 5.25 5.36 5.46 5.56 5.64 5.72 5.80 5.87 5.93 6.00

9 5.13 5.23 5.33 5.42 5.51 5.58 5.66 5.72 5.79 5.85

10 5.03 5.13 5.23 5.32 5.40 5.47 5.54 5.61 5.67 5.73

11 4.95 5.05 5.15 5.2' 5.31 5.38 5.45 5.51 5.57 5.63

12 4.89 4.99 5.08 5.16 5.24 5.31 5.37 5.44 5.49 5.55

13 4.83 4.93 5.02 5.10 5.18 5.25 5.3t 5.37 5.43 5.48

14 4.79 4.88 4.97 5.05 5.12 5.19 5.26 5.32 5.37 5.43

15 4.75 4.84 4.93 5.01 5.08 5.15 5.21 5.27 5.32 5.38

16 4.71 4.81 4.89 4.97 5.04 5.11 5.17 5.23 5.28 5.33

17 4.68 4.77 4.86 4.93 5.01 5.07 5.13 5.19 5.24 5.30

18 4.65 4.75 4.83 4.90 4.98 5.04 5.10 5.16 5.21 5.26

19 4.63 4.72 4.80 4.88 4.95 5.01 5.07 5.13 5.18 5.23

20 4.61 4.70 4.78 4.85 4.92 4.99 5.05 5.10 5.16 5.20

24 4.54 4.63 4.71 4.78 4.85 4.91 4.97 5.02 5.07 5.12

30 4..47 4.56 4.64 4.71 4.77 4.83 4.89 4.94 4.99 5.03

40 4.41 4.49 4.56 4.03 4.69 4.75 4.81 4.86 4.90 4.95

60 4.34 4.42 4.49 4.56 4.62 4.67 4.73 4.78 4.82 4.86

120 4.2r 4.35 4.42 4.48 4.54 4.60 4.65 4.69 4.74 4.78

4.21 4.28 4.35 4.41 4.47 4.52 4.57 4.61 4.65 4.69
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MTP 3-1-005
1 March 1972

TABLE B-6 continued

PERCENTILES OF THE STUDENTIZED RANGE, q

d f. 2 3 4 5 60

1 17.97 26.98 32.82 37.08 40.41 43.12 45.40 47.36 49.07

2 6.08 8.33 9.80 10.88 11.74 12.44 13.03 13.54 13.99

3 4.50 5.91 6.82 7.50 8.04 8.48 8.85 9.18 9.46

4 3.93 5.04 5.76 6.29 6.71 7.05 7.35 7.60 7.83

5 3.64 4.60 5.22 5.67 6.03 6.33 6.58 6.80 6.99

6 3.46 4.34 4.90 5.30 5,63 5.90 6.12 6.32 6.49

7 3.34 4.16 4.68 5.06 5.36 5.61 5.82 6.00 6.16

8 3.26 4.04 4.53 4.89 5.17 5.40 5.60 5.77 5.92

9 3.20 3.95 4.41 4.76 5.02 5.24 5.43 5.59 5.74

10 3.15 3.88 4.33 4.65 4.91 5.12 5.30 5.46 5.60

11 3.11 3.82 4.26 4.57 4.82 5.03 5.20 5.35 5.49

12 3.08 3.77 4.20 4.51 4.75 4.95 5.12 5.27 5.39

13 3.06 3.73 4.15 4.45 4.69 4.68 5.05 5.19 5.32

14 3.03 3.70 4.12 4.41 4.64 4.83 4.99 5.13 5.25

15 3.01 3.67 4.08 4.37 4.59 4.78 4.94 5.08 5.20

16 3.00 3.65 4.05 4.33 4.56 4.74 4.90 5.03 5.15

17 2.98 3.63 4.02 4.30 4.52 4.70 4.86 4.99 5.11

18 2.97 3.61 4.00 4.28 4.49 4.67 4.82 4.96 5.07

19 2.96 3.59 3.98 4.25 4.47 4.65 4.79 4.92 5.04

20 2.9q 3.58 3.96 4.23 4.45 4.62 4.77 4.90 5.01

24 2.92 3.53 3.90 4.17 4.37 4.54 4.68 4.81 4.92

30 2.89 3.49 3.85 4.10 4.30 4.46 4.60 4.72 4.82

40 2.86 3.44 3.79 4.04 4.23 4.39 4.52 4.63 4.73

60 2.83 3.40 3,74 3.98 4.16 4.31 4.44 4.55 4.65

120 2.80 3.36 3.68 3.92 4.10 4.24 4.36 4.47 4.56

00 2.77 3.31 3.63 3.86 4.03 4.17 4.29 4.39 4.47
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MTP 3-1-005
1 March 1972

TABLE B-6 continued

PERCENTILES OF THE STUDENTIZED RANGE, q
q .95

11 12 13 14 15 16 17 18 19 20

1 50.59 51.96 53.20 54.33 55.36 56.32 57.22 58.04 58.83 59.56

2 14.39 14.75 15.08 15.38 15.65 15.91 16.14 16.37 16.57 16.77

3 9.72 9.95 10.15 10.35 10.52 10.69 10.84 10.98 11.11 11.24

4 8.03 8.21 8.37 8.52 8.66 8.79 8.91 9.03 9.13 9.23

5 7.17 7.32 7.47 7.60 7.72 7.83 7.93 8.03 8.12 8.21

6 6.65 6.79 6.92 7.03 7.14 7.24 7.34 7.43 7.51 7.59

7 6.30 6.43 6.55 6.66 6.76 6.85 6.94 7.02 7.10 7.17

8 6.05 6.18 6.29 6.39 6.48 6.57 6.65 6.73 6.80 6.87

9 5.87 5.98 6.09 6.19 6.28 6.36 6.44 6.51 6.58 6.64

.0 5.72 5.83 5.93 6.03 6.11 6.19 6.27 6.34 6.40 6.47

11 5.61 5.71 5.81 5.90 5.98 6.06 6.13 6.20 6.27 6.33

12 5.51 5.61 5.71 5.80 5.88 5.95 6.02 6.09 6.15 6.21

13 5.43 5.53 5.63 5.71 5.79 5.86 5.93 5.99 6.05 6.11

14 5.36 5.46 5.55 5.64 5 5.71 5.79 5.85 5.91 5.97 6.03

15 5.31 5.40 5.49 5.57 5.65 5.72 5.78 5.85 5.90 5.96

16 5.26 5.35 5.44 5.52 5.59 5.66 5.73 5.79 5.84 5.90

17 5.21 5.31 5.39 5.47 5.54 5.61 5.67 5.73 5.79 5.84

18 5.17 5.27 5.35 5.43 5.50 5.57 5.63 5.69 5.74 5.79

19 5.14 5.23 5.31 5.39 5.46 5.53 5.59 5.65 5.70 5.75

20 5.11 5.20 5.28 5.36 5.43 5.49 5.55 5.61 5.66 5.71

24 5.01 5.10 5.18 5.25 5.32 5.38 5.44 5.49 5.55 5.59

30 4.92 5.00 5.08 5.15 5.21 5.27 5.33 5.38 5.43 5.47

40 4.82 4.90 4.98 5.04 5.11 5.16 5.22 5.27 5.31 5.36

60 4.73 4.81 4.88 4.94 5.00 5.06 5.11 5.15 5.20 5.24

120 4.64 4.71 4.78 4.84 4.90 4.95 5.00 5.04 5.09 5.13

"4.55 4.62 4.58 4.74 4.80 4.85 4.89 4.93 4.97 5.01
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MTP 3-1-005
1 March 1972

TABLE B-6 continued

PERCENTILES OF THE STUDENTIZED RANGE, q

q.99

S2 3 4 5 6 7 8 9 10

1 90.03 135.0 164.3 185.6 202.2 215.8 227.2 237.0 245.6

2 14.04 19.02 22.29 24.72 26.63 28.20 29.53 30.68 31.69

3 8.26 10.62 12.17 13.33 14.24 15.00 15.64 16.20 16.69

4 6.51 8.12 9.17 9.96 10.58 11.10 11.55 11.93 12.27

5 5.70 6.98 7.oJ 8.42 8.91 9.32 9.67 9.97 10.24

6 5.24 6.33 7.03 7.56 7.97 8.32 8.61 8.87 9.10

7 4.95 5.92 6.54 7.01 7.37 7.68 7.94 8.17 8.37

8 4.75 5.64 6.20 6.62 6.96 7.24 7.47 7.68 7.86

9 4.60 5.43 5.96 6.35 6.66 6.91 7.13 7.33 7.49

10 4.48 5.27 5.77 6.14 6.43 6.67 6.87 7.05 7.21

11 4.39 5.15 5.62 5.97 6.25 6.48 6.67 6.84 6.99

12 4.32 5.05 5.50 5.84 6.10 6.32 6.51 6.67 6.81

13 4.26 4.96 5.40 5.73 5.98 6.19 6.37 6.53 6.67

14 4.21 4.89 5.32 5.63 5.88 6.08 6.26 6.41 6.54

15 4.17 4.84 5.25 5.56 5.80 5.99 6.16 6.31 6.44

16 4.13 4.79 5.19 5.49 5.72 5.92 6.08 6.22 6.35

17 4.10 4.74 5.14 5.43 5.66 5.85 6.01 6.15 6.27

18 4.07 4.70 5.09 5.38 5.60 5.79 5.94 6.08 6.20

19 4.05 4.67 5.05 5.33 5.55 5.73 5.89 6.02 6.14

20 4.02 4.64 5.02 5.29 5.51 5.69 5.84 5.97 6.09

24 3.96 4.55 4.91 5.17 5.37 5.54 5.69 5.81 5.92

?0 3.89 4.45 4.80 5.05 5.24 5.40 5.54 5.65 5.76

40 3.82 4.37 4.70 4.93 5.11 5.26 5.39 5.50 5.60

60 3.76 4.28 4.59 4.82 4.99 5.13 5.25 5.36 5.45

120 3.70 4.20 4.50 4.71 4.87 5.01 5.12 5.21 5.30
00 3.64 4.12 4.40 4.60 4.76 4.88 4.99 5.08 5.16
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TABLE B-6 continued

PERCENTILES OF THE STUDENTIZED RANGE, q

q.99

d ýf 11 12 13 14 15 16 17 18 19 20

1 253.2 260.0 266.2 271.8 277.0 281.8 286.3 290.4 294.3 298.0

2 32.59 33.40 34.13 34.81 35.13 36.00 36.53 37.03 37.50 37.95

3 17.13 17.53 17.89 18.22 18.52 18.81 19.07 19.32 19.55 19.77

4 12.57 12.84 13.09 13.32 13.53 13.73 13.91 14.08 14.24 14.40

5 10.48 10.70 10.89 11.08 11.24 11.40 11.55 11.68 11.81 11.93

6 9.30 9.48 9.65 9.81 9.95 10.08 10.21 10.32 10.43 10.54

7 8.55 8.71 8.86 9.00 9.12 9.24 9.35 9.46 9.55 9.65

8 8.03 8.18 8.31 8.44 8.55 8.66 8.76 8.65 8.94 9.03

9 7.65 7.78 7.91 8.03 8.13 8.23 8.33 8.41 8.49 8.57

in 7.36 7.49 7.60 7.71 7.81 7.91 7.99 8.08 8.15 8.23

11 7.13 7.25 7.36 7.46 7.56 7.65 7.73 7.81 7.88 7.95

12 6.94 7.06 7.17 7.26 7.36 7.44 7.52 7.59 7.66 7.73

13 6.79 6.90 7.01 7.10 7.19 7.27 7.35 7.42 7.48 7.55

14 6.66 6.77 6.87 6.96 7.05 7.13 7.20 7.27 7.33 7.39

15 6.55 6.66 6.75 6.84 6.93 7.00 7.07 7.14 7.20 7.26

16 6.46 6.56 6.66 6.74 6.82 6.90 6.97 7.03 7.09 7.15

17 6.38 6.48 6.57 6.66 6.73 6.81 6.87 6.94 7.00 7.05

18 6.31 6.41 6.50 6.58 6.65 6.73 6.79 6.85 6.91 6.97

19 6.25 6.34 6.43 6.51 6.58 6.65 6.72 6.78 6.84 6.89

20 6.19 6.28 6.37 6.45 6.52 6.59 6.65 6.71 6.77 6.82

24 6.02 6.11 6.19 6.26 6.33 6.39 6.45 6.51 6.56 6.61

30 5.85 5.93 6.01 6.08 6.14 6.20 6.26 6.31 6.36 6.41

40 5.69 5.76 5.83 5.90 5.96 6.02 6.07 6.12 6.16 6.21

60 5.53 5.60 5.67 5.73 5.78 5.84 5.89 5.93 5.97 6.01

120 5.37 5.44 5.50 5.56 5.61 5.66 5.71 5.75 5.79 5.83

"0 5.23 5.29 5.35 5.40 5.45 5.49 1.54 5.57 5.61 5.65
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MTP 3-1-005
1 March 1972

TABLE 8-7

PERCENTILES OF THE X2 DISTRIBUTION

.9995 .999 .995 .99 .975 .95 .90 .80 .75 .70 .60 .50

1 .06393 .05157 .04393 .03157 .03982 .02393 .0158 .0642 .102 .1118 .275 .4552 .021oo .0220 .01*O .0201 .0506 .103 .211 .446 .575 .713 1.02 1.393 .0153 .0243 .0717 .115 .216 .352 .584 1.00 1.21 1.42 1.87 2.374 .0639 .0908 .207 .297 .484 .71! 1.06 1.65 1.92 2.19 2.75 3.365 .158 .210 .412 .554 .831 1.15 1.61 2.34 2.67 3.00 3.66 4.35
6 .299 .381 .676 .872 1.24 1.64 2.20 3.07 3.45 3.83 4.57 5.357 .485 .598 .989 1.24 1.69 2.17 2.83 3.82 4.25 4.67 5.49 6.358 .710 .857 1.34 1.65 2.18 2.73 3.49 4.59 5.07 5.53 6.42 7.149 .972 1.15 1.73 2.09 2.70 3.33 4.17 5.38 5.90 6.39 7.36 8.3410 1.26 1.48 2.16 2.56 3.25 3.94 4.87 6.18 6.74 7.27 8.30 9.34

11 1.59 1.83 2.60 3.05 3.82 4.57 5.58 6.99 7.58 8.15 9.24 10.312 1.93 2.21 3.07 3.57 4.40 5.23 6.30 7.81 8.44 9.03 10.2 11.313 2.31 2.62 3.57 4.11 5.01 5.89 7.04 8.63 9.30 9.93 11.1 12.314 2.70 3.04 4.07 4.66 5.63 6.57 7.79 9.47 10.2 10.8 12.1 13.315 3.11 3.48 4.60 5.23 6.26 7.26 8.S5 !0.2 11.0 11 ý7 13,0 14.3
16 3.54 3.94 5.14 5.81 6.91 7.96 9.31 11.2 11.9 12.6 14.0 15.317 3.98 4.42 5.70 6.41 7.56 8.67 10.1 12.0 12.8 13.5 14.9 16.318 4.44 4.90 6.26 7.01 8.23 9.39 10.9 12.9 13.7 14.4 15.9 17.319 4.91 5.41 6,84 7.63 8.91 10.1 11.7 13.7 14.6 15.4 16.9 18.320 5.40 5.92 7.43 8.26 9.59 10.9 12.4 14.6 15.5 16.3 17.8 19.3

21 5.90 6.45 8.03 8.90 10.3 11.6 13.2 15.4 16.3 17.2 18.8 20.322 6.40 6.98 8.64 9.54 11.0 12.3 14.0 16.3 17.2 18.1 19.7 2i.
323 6.92 7.53 9.26 10.2 11.7 13.1 14.8 17.2 18.1 19.6 20.7 22.324 7.45 8.08 9.89 10.9 12.4 13.8 15.7 18.1 19.0 19.9 21.7 23.325 7.99 8.65 10.5 31.5 13.1 14.6 16.5 18.9 19.9 20.9 22.6 24.3

26 8.54 9.22 11.2 12.2 13.8 15.4 17.3 19.8 20.8 21.8 23.6 25.327 9.09 9.80 11.8 12.9 14.6 16.2 18.1 20.7 21.7 22.7 24.5 26.328 9.66 10.4 12.5 13.6 15.3 16.9 18.9 21.6 22.7 23.6 25.5 27.329 10.2 11.0 13.1 14.3 16.0 17.7 19.8 22.5 23.6 24.6 26.5 28.330 10.8 11.6 13.8 15.0 16.8 18.5 20.6 23.4 24.5 25.5 2i.4 29.3
31 11.4 12.2 14.5 15.7 17.5 19.3 21.4 24.3 25.4 26.4 2-.4 30.332 12.0 12.8 15.1 16.4 18.3 20.1 22.3 25.1 26.4 27.4 29.4 31.333 12.6 13.4 15.8 17.1 19.0 20.9 23.1 26.0 27.3 28.3 30.3 32.334 13.2 14.1 16,5 17.8 19.8 21.7 24.0 26.9 28.2 29.2 31.3 33.335 13.8 14.7 17.2 18.5 20.6 22.5 24.8 27.8 29.1 30.2 32.3 34.3
36 14.4 15.3 17,9 .9.2 21.3 23.3 25.6 28.7 30.0 31.1 33.3 35.337 15.0 16.0 18.6 20.0 22.1 24.1 26.5 29.6 30.9 32.1 34.2 36.738 15.6 16.6 19.3 20.7 22.9 24.9 27.3 30.5 31.9 33.0 35.2 37.339 16.3 17.3 20.0 21.4 23.7 25.7 28.2 31.4 3-.8 33.9 36.2 38.340 16.9 17.9 20.7 22.2 24.4 26.5 29.1 32.3 33.7 34.9 37.1 39.3

N"Y: .04393 means .0000393.
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MTP 3-1-005
1 March 1972

TABLE B-7 concinued

PERCENTILEF OF THE )(2 DSTRIBUTION

.40 .30 0.25 .20 .10 .05 .025 .01 .005 .001 .N9k5

1 .708 1.07 1.32 1.64 2.71 3.84 5.02 6.63 7.88 10.8 12.1
2 1.83 2.41 2.77 3.22 4.61 5.99 7.38 9.21 10.6 13.8 15.2
3 2.35 '.67 4.11 4.64 6.25 7.81 9.35 11.3 12.8 16.3 17.7
4 6.0,. 4.88 5.39 5.99 7,73 9.49 1V'. 13.3 14.9 18.5 20.0
5 5.13 6.06 6.63 7.1" 9.24 11.1 12.8 15.1 16.7 20.5 22.1

6 6.21 ?.23 7.84 8.56 10.6 i0.6 14.4 16.8 18.5 22.5 24.1
7 7.28 8.38 9.04 9.80 12.0 14.1 16.0 18.5 20.3 24.3 26.0
4 8.35 9.52 10.2 11.0 '3.4 15.5 17.5 20.1 22.0 26.1 27.9
9 9.41 10.7 11.4 12.2 t4.7 16.9 19.0 21.7 23.6 27.9 29.7

10 10.5 11.8 12.5 13.4 o 9 18.3 20.5 23.2 25.2 29.6 31.4

11 li.5 12.9 13.7 i-.6 17.3 19.7 21.9 24.7 26.8 31.3 33.1
12 12.6 14.0 14.8 15.8 18.5 21.0 21.3 26.2 28.3 32.9 34.8
23 12.6 15.1 16.0 17.0 19.8 22.4 24.7 27.7 29.8 34.5 36.5
14 14.7 16.2 17.1 18.2 21.1 23.7 26.1 29.1 31.3 36.1 38.1
15 15.7 17.3 18.2 19.3 22.3 25.0 27.5 30.6 32.8 37.7 39.7

16 16.8 18.4 19.4 20.5 23.5 26.3 28.8 32.0 34.3 39.3 41.3
17 17.8 19.5 20.5 21.6 24.8 27.6 30.2 j3.

4  
35.7 40.8 42.9

28 18.9 '0.' 21.6 22.8 26.0 28.9 31.5 34.8 37.2 42.3 44.4
19 19.9 21.7 22.7 23.9 27,2 30.1 32.9 36.2 38.6 43.8 46.0
20 21.0 22.8 13.8 25.0 28.4 31.4 34.2 37.6 40.0 45.3 47.,

21 22.0 23.9 2'..- 26.2 21.6 32.7 35.5 38.0 41.4 46.8 49 0
22 23.0 2-.9 26.0 27.3 In.9 33.9 36.8 40.1 42.8 48.3 50.',
23 24.1 2A.0 2.1 21.4 32.0 35.2 38.1 41.'- 4-.2 49.7 52.0
24 2" 1 27. 28,2 27.6 33.2 36.4. 39.4 L3.0 45.6 51.2 53.5
23 26.1 2R.2 29.3 30.' 34.4 37.7 40 6 ý4.3 46.9 52.6 54.9

26 .27. 29.2 30.4 31.5 35.6 38.9 41.9 45.6 48.3 1 1 56.4
2i 28.2 30.3 31.5 32.9 3..7 3.2 47.0 49.6 55.5 57.928 29.2 31.4 32.6 34.0 37.9 42.3 4-.5 4-,3 91.0 56.9 59.3
29 30.3 32.5 31,7 35.1 39., 42.6 .5.7 40.6 52.3 58.3 60.730 31.3 33.5 1 4.8 6.3 40). 3 3.R 47.,0 v0 9 S3.7 59.7 62.2

31 J2.3 34.6 35.9 17, "1.4 4S.0) 4 .2 52.2 5'5.0 61.1 63.6
32 33.4 31.2 32.0 38.5 -2.6 4t,.2 49.5 539S 96.3 62.3 65.0
33 3-.4 36.7 38.1 3Q.6 .3.7 47.4 , 0.7 54.8 27.(, 63.9 66.4
34 25.4 27.8 19.2 .n,7 ý4.9 48.6 52.0 56. S9.0 65.2 67.835 36,5 2'.9 ' I .0,2 4- ,8 -6.1 .. 73.2 57 ' .0.3 6W.6 "9.2

39 37.5 11.9 .1.3 4.3 .- 2 41.0 5n ..4 '8,6 '-1.6 'A.0 .0.6
1 198.5 4. 

C2.4 14.0 . ).2 45. 50, A2.9 69.3 72.0
28 29. 6 42.0 43.5 45.1 49.5 51- 5.9 A1.2 6-.2 70.7 73.4
39 40. f6 43.1 44. . 4A-.2 0. 5,- .5 36.2 .1 -''. 2.1 74.7
40- 41. , ,- 2 45.6 47.3 51.9 53.8 , I , ,7 q 73.4 76. :
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MTP 3-1-005
1 March 1972

TABLE B-7 continued

PERCENTILES OF THE w2 DISTRIBUTIONS.995 .999 .995 .99 .975 .95 .90 .80 .75 .70 .60 .50

41 17.5 18.6 21.4 22.9 25.2 27.3 29.9 33.3 34.6 35.8 38.1 40.342 18.2 19.2 22.1 23.7 26.0 28.1 30.8 34.2 35.6 36.9 39.1 41.343 18.8 19.9 22.9 24.4 26.8 29.0 31.6 35.1 36.5 37.7 43.0 42.344 19.5 20.6 23.6 25.1 27.6 29.8 32.5 36.0 37.4 38.6 41.0 43.345 20.1 21.3 24.3 25.9 28.4 30.6 33.4 36.9 38.4 39.6 42.0 44.3

46 20.8 21.9 25.0 26.7 29.2 31.4 34.2 37.8 39.3 40.3 43.0 45.347 21.5 22.6 25.8 27.4 30.0 32.3 35.1 38.7 40.2 41.5 43.9 46.348 22.1 23.3 26.5 28.2 30.8 33.1 35.9 39.6 41.1 42.4 44.9 47.34q 22.8 24.0 27.2 28.9 31.6 33.9 36.8 40.5 42.1 43.4 45.9 48.350 23.5 24.7 28.0 29.7 32.4 34.8 37.7 41.4 45.0 44.3 46.9 49.3

51 24.1 25.4 28.7 30.5 33.2 35.6 38.6 42.4 43.9 45.3 47.8 50.352 24.8 26.1 29.5 31.2 34.0 36.4 39.4 0,.3 44.9 46.2 48.8 51.353 25.5 26.8 30.2 32.0 34.8 37.3 40.3 44.2 45.8 47.2 49.8 52.354 26.2 27.5 31.0 32.8 35.6 38.1 41.2 45.1 46.7 48.1 50.8 53.355 26.9 28.2 31.7 33.6 36.4 a3.b 42.1 46.0 47.7 49.1 51.7 54.3

56 27.6 28.9 32.5 34.3 37.2 39.8 42.9 47.0 48.6 50.0 52.7 55.357 28.2 29.6 33.2 35.1 38.0 40.6 43.8 47.9 49.6 51.0 53.7 56.358 28.Q 30.3 34.0 35.9 38.8 41.5 44.7 48.8 ý0.5 51.9 54.7 57.359 29.6 31.0 34.8 36.7 39.7 42.3 45.6 49.7 51.4 52.9 55.6 58.360 30.3 31.7 35.5 37.5 40.5 43.2 46.5 50.6 57.4 53.8 56.6 59.3

61 31.1) 32.5 36.3 38.3 41.3 44.0 47.3 51.6 53.3 54.8 57.6 60.362 31.7 33.2 37.1 39.1 42.1 44.9 48.2 52.5 54.2 55.7 58.6 61.363 32.5 33.9 37.8 39.9 43.0 45.7 40,1 53.4 55.2 56.7 59.6 62.364 33.2 34.6 38.6 40,6 43.8 46.6 50.0 54.3 56.1 57.6 60.5 63.365 33.9 35.4 39.4 41.4 44.6 47.4 50.9 55.3 57.1 58.6 61.5 64.3

66 34.6 36.1 40.2 42.2 45.4 48.3 51.8 5b.2 58.0 59.5 62.5 65.367 35.3 36.8 40.9 43.0 46.3 49.2 52.7 57.1 58.9 60.5 63.5 66.358 36.0 37.6 41.7 43.8 47.1 SO.0 53.5 58.0 59.9 61.4 64.4 67.369 36.7 38.3 42.5 44,6 47.9 50.9 54.4 59.0 60.8 62.4 65.4 68.370 37.5 39.(, 43.3 45.4 48.8 51.9 55.3 59.9 61.9 63.3 66.4 69.3

71 38.2 39.8 44.1 46.2 49.6 52.6 56.2 60.8 67.7 64.3 67.4. 70.372 38.9 40.5 44.8 47.1 50.4 53.5 57.1 61.8 63.7 65.3 68. 74.j73 39.6 41.3 45.6 47.9 51.3 3..3 58.0 62.7 64.6 66,2 69.2 72.374 40.4 42.0 46.4 -8.7 52.1 55.2 58.9 63.6 65.6 67.2 70.3 73.375 41.1 42.8 47.2 49.5 52.9 56.1 59.8 64.5 66.5 68.1 71.3 74.3

76 41.8 43.5 48.0 50.3 53.3 56.9 60.7 65.5 67.4 69.1 72.3 75.377 42.6 44.3 48.8 51.1 54.6 57.8 61.6 66.4 68.4 70.0 73.2 76.378 43.3 45.0 49.6 51.9 55.5 58.7 62.5 67.3 69.3 71.0 74.2 77.379 44.1 45.8 50.4 52.7 56.3 59.5 63.4 68.3 70.3 72.0 75.2 78.3
30 44.8 46.5 51.2 53.5 5/.2 60.4 64.3 69.2 71.2 72.9 76.2 79.3

2-14

i./



T1P 3-1-005
.I March 1972

TABLE 8-7 continued

PERCENTILES OR THE X' DISTRIBUTION
'. .40 .30 .025 .20 .10 .05 .025 .01 .005 .001 .0005

41 42.7 45.2 46.7 48.4 52.9 56.9 60.6 65.0 68.1 74.7 77.5
42 43.7 46.3 47.8 49.5 54.1 58 1 61.8 66.2 69.3 76.1 78.8
43 44.7 47.3 48.9 50.5 55.2 59.3 63.0 67.5 70.6 77.4 80.2
44 45.7 48.4 49.9 51.6 56.4 60.5 64.2 68.7 71.9 78.7 81.5
45 46.8 49.5 51.0 52.7 57.5 61.7 65.4 70.0 73.2 80.1 82.9

46 47.8 50.5 52.1 53.8 58.6 62.8 66.6 71.2 74.4 81.4 84.2
47 48.8 51.6 53.1 54.9 59.8 64.0 67.8 72.4 75.7 82.7 85.6
48 49.9 52.6 54.2 56.0 60.9 65.2 69.0 73.7 77.0 84.0 86.9
49 50.9 53.7 55.3 57.1 62.0 66.3 70.2 74.9 78.2 85.4 88.2
50 51.9 54.7 56.3 58.2 63.2 67.5 71.4 76.2 79.5 86.7 89.6

51 52.9 55.8 57.4 59.2 64.3 68.7 72.6 77.4 80.7 88.0 90.9
52 53.9 56.8 5f.5 60.3 65.4 h9.8 73.8 78.6 82.0 89.j 92.2
53 55.0 57.9 59.5 61.4 66.5 71.0 75.0 79.8 83.3 90.6 93.5
54 56.0 58.9 60.6 62.5 67.7 72.2 76.2 81.1 84.5 91.9 94.8
55 57.0 60.0 61.7 63.6 68.8 73.3 77.4 82.3 85.7 93.2 96.2

56 58.0 61.0 62.7 64..7 69.9 74.5 78.6 83.5 87.0 94.5 97.5
57 59.1 62.1 63.8 65.7 71.0 75.6 79.8 84.7 88.2 95.8 98.8
58 60.1 63.1 64.9 66.8 72.2 76.8 80.9 86.0 89.5 97.0 100.1
59 61.1 64.2 65.9 67.9 73.3 77.9 82.1 87.2 90.7 98.3 101.4
60 62.1 65.2 67.0 69.0 74.4 79.1 83.3 88.4 92.0 99.6 102.7

61 b3.2 Ot.) oo.u 70.u 75.5 0J.2 04.5 07.. 93.2 100.9 104.0
62 6-4.2 67.3 69.1 71.1 76.6 41.4 '¶..7 mm.*q 94.4 102.2 105.3
63 65.2 68.4 70.2 72.2 77.7 82.5 86.8 92.0 95.6 103 4 106.6"64 66.2 69.4 71.2 73.3 78.9 83.7 88.0 93.2 96.9 104.7 107.9
65 67.2 70.5 72.3 74.4 80.0 84.8 89.2 94.4 98.1 106.0 109.2

66 68.3 71.5 73.3 75.4 81.1 86.0 9u.3 95.b 99.3 107.3 110.5
67 69.3 72.6 74.4 76.5 82.2 8".1 91.5 96.8 100.6 108A. 111.7
68 70.3 73.6 75.5 77.b 83.3 88.3 92.7 99.0 101.8 109.8 111.0
69 71.3 74.6 76.5 78.6 84.4 89.4 Q3.9 99.2 103.0 111.1 I.•4.1
70 72.4 75.7 77.6 79.7 85.5 40.5 95.0 100.4 104.2 112.3 115.6

71 73.4 76.7 78.6 80.8 86.6 91.7 96.2 101.6 105.4 113.6 116.9
72 74.4 77.8 79.7 81.9 87.7 92.8 97.4 102.8 106.1t 114.$ 118.1
73 75.4 78.8 80.7 82.9 88.8 91.9 98.5 104.0 107.9 116.1 119.4
74 76.4 79.9 81.8 84.0 O.O 95.1 49.7 105.2 109.1 1.'.3 120.7
75 77.5 80.9 82.9 85.1 91.1 96.2 100.8 106.4 110.3 118.6 :21.9

76 78.5 82.0 83.9 96.1 92.2 97,4 10i .0 107.6 111.S 119.9 f3..2
77 79.5 83.0 85.0 87.2 91.) 98.5 101.2 108.8 112.7 121.1 !.'L4. 5
78 80.5 84.0 86.0 88.3 94.4 99.6 104.3 110.0 113.9 122.3 125.7
79 81.5 85.1 87.1 89.3 95.5 100. 1 05. 5 111.1 115.1 123.6 127.0
80 82.6 86.1 88.1 90.4 96.6 101.9 106.1 112.3 116.3 124.8 128.3
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MTP 3-1-005
1 March 1972

TAiLB 3-7 continued

9PE3CENrILES of M X2 DISTRhIVTION

.9995 .999 .995 .99 .975 .95 .90 .80 .75 .70 .60 .5081 45.5 47.3 52.0 54.4 58.0 61.3 65.2 70.1 72.2 73.9 77.7 80.382 46.3 48.0 52.8 55.2 58.8 62.1 66.1 71.1 73.1 74.8 78.1 81.383 47.0 48.8 53.6 56.0 59.7 63.0 67.0 72.0 74.1 75.8 79.1 82.384 17.8 49.6 54.4 56.8 60.5 63.9 67.9 72.9 75.0 76.8 80.1 83.385 48.5 50.3 55.2 57.6 61.4 64.7 68.8 73.9 76.0 77.7 81.1 84.3
86 49.3 51.1 56.0 58.5 62.2 65.6 69.7 74.8 76.9 78.7 82.1 85.387 50.0 51.9 56.8 59.3 63.1 66.5 70.6 75.7 77.9 79.6 83.0 86.388 50.8 52.6 57.6 60.1 63.9 67.4 71.5 76.7 78.8 80.6 84.0 87.389 51.5 53.4 58.4 60.9 64.8 68.2 72.4 77.6 79.8 81.6 85.0 8d.390 52.3 54.2 59.2 61.8 65.6 69.1 73.3 78.6 80.7 82.5 86.0 89..

91 53.0 54.9 60.0 62.6 66.5 70.0 74.2 79.5 81.7 83.5 87.0 90.392 53.8 55.7 60.8 63.4 67.4 70.9 75.1 80.4 82.6 84.4 88.0 91.393 54.5 56.5 61.6 64.2 68.2 71.8 76.0 81.4 83.6 85.4 88.9 92.394 55.3 57.2 62.4 65.1 69.1 72.6 76.9 82.3 84.5 86.4 89.9 93.395 56.1 58.0 63.2 65.9 69.9 73.5 77.8 83.2 85.5 87.3 90.9 94.3
96 56.8 58.8 64.1 66.7 70.8 74.4 78.7 84.2 86.4 88.3 91.9 95.397 57.6 59.6 64.9 67.6 71.6 75.3 79.6 85.1 87.4 89.2 92.9 96.398 58.4 60.4 65.7 68.4 72.5 76.2 80.5 86.1 88.3 90.2 '93.8 97.399 59.1 61.1 66.5 69.2 73.4 77.0 81.4 87.0 89.3 91.2 94.8 98.3100 59.9 61.6 67.3 70.1 74.2 77.9 82.4 87.9 90.2 92.1 95.8 99.3
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MIP 3-1-005
1 March 1972

TABLE 5-7 continued
PERCENTILES Op THE W2 DISTRI81ITION

• 1-0
d.?. .40 .30 .25 .20 .10 .05 .025 .01 .005 .001 .0005

81 83.6 87.2 89.2 91.5 97.7 103.0 107.8 113.5 117.5 126.1 129.5
82 84.6 38.2 90.2 92.5 98.t 104.1 108.9 114.7 118.7 127.3 130.8
83 85.6 89.2 91.3 93.6 99.9 105.3 110.1 115.9 119.9 128.6 132.0
84 86.6 90.3 92.3 94.7 101.0 106.4 111.2 117.1 121.1 129.8 133.3
85 87.7 91.3 93.4 95.7 102.1 107.5 112.4 118.2 122.3 131.0 134.5

86 88.7 92.4 94.4 96.8 103.2 108.6 113.5 119.4 123.5 132.3 135.8
87 89.7 93.4 95.5 97.9 104.3 109.8 114.7 120.6 124.7 133.6 137.0
88 90.7 94.4 96.5 98.9 105.4 110.9 115.8 121.8 125.9 134.7 138.3
89 91.7 95.5 97.6 100.0 106.5 112.0 117.0 122.9 127.1 136.0 139.5
90 92.8 96.3 98.6 101.1 107.6 113.1 118.1 124.1 128.3 137.2 140.8

91 93.8 97.6 99.7 102.1 108.7 114.3 119.3 125.3 129.5 138.4 142.0
92 94.8 98.6 100.7 103.2 109.8 115.4 120,4 126.5 130.7 139.7 143.3
93 93.5 99.6 101.8 104.2 110.9 116.5 121.6 127.6 131.9 140.9 14,4.5
94 9%.R 100.7 102.8 105.3 111.9 117.6 122.7 128.3 133.1 142.1 145.8
95 97.9 101.7 103.9 106.4 113.0 118.8 123.9 130.0 134.2 143.3 147.0

96 98.9 102.8 104.9 107.4 114.1- 119.9 125.0 131.1 135.4 144.6 11.8.2
97 99.9 103.8 106.0 108.5 115.2 121.0 126.1 132.3 136.6 145.8 149.5
98 100.9 104.8 107.0 101.3 116.3 122.1 127.3 133.5 137.8 147.0 150.7
99 101.9 105.9 108.1 110.6 117.4 123.2 128.4 134.6 139.0 148.2 151.9

100 102.9 106.9 109.1 111.7 118.5 126.3 129.6 135.8 140.2 129.4 1$3.2

for lITRer degree. of freedom:

Wr1- 2 2(d. f- I approximately, vhaore d.f. * degree* .' freedom and Z to

8iven in Table B-A.

2-17



M"P 3-1-005
1 March 1972

TABLE 8-89

?ERCENTILES OF TlE F DISTRIsmlTIom

I F,5o1 2 3 4 5 6 7 8 9 10 12 15
1 1.00 1.50 1.71 1.82 1.89 1.94 1.96 2.00 2.03 2.04 2.07 2.092 .667 1.00 1.13 1.21 1.25 1.28 1.30 1.32 1.33 1.34 1.36 1.183 .585 .881 1.00 1.06 1.10 1.13 1.15 1.16 1.17 1.18 1.20 1.214 .549 .828 1941 1.00 1.04 1.06 1.08 1.09 1.10 1.11 1.13 1.145 .528 .799 .907 .965 1.00 1.02 1.04 1.05 1.06 1.07 1.09 1.10

6 .515 .780 .866 .942 .977 1.00 1.02 1.03 1.04 1.05 1.06 1.077 .506 .767 .871 .926 .960 .983 1.00 1.01 1.02 1.03 1.04 1.058 .499 .757 .860 .915 .948 .971 .988 1.00 1.01 1.02 1.03 1.049 .494 .749 .852 .906 .939 .962 .978 .990 1.00 1.01 1.02 1.0310 .490 .743 .845 .899 .932 .954 .971 .983 .992 1.000 1.010 1.071

11 .486 .739 .840 .893 .926 .948 .964 .977 .986 .994 1.004 1.01512 .484 .73 .85 .868 .921 .943 .959 .972 .981 .989 1.000 1.01013 .482 .733 .832 .884 .917 .939 .958 .969 .978 .985 .995 1.00614 .480 .730 .829 .381 .914 .936 .955 .966 .974 .981 .99W 1.00315 .478 .726 .826 .878 .911 .933 .948 .960 .970 .977 .989 I.C0o
16 .477 .724 .824 .876 .908 .930 .945 .959 .969 .975 .986 .99717 .476 .723 .822 .871 .906 .928 .942 .958 .966 .973 .984 .99418 .474 .722 .820 .872 .904 .926 .940 .956 .964 .971 .981 .99219 .473 .720 .818 .870 .902 .924 .939 .953 .962 .969 .980 .99020 .472 .718 .816 .868 .900 .922 .938 .950 .959 .9%6 .977 .989

21 .471 .717 .815 .866 .899 -921 .935 .949 .958 .966 .976 .98722 .470 .716 .814 .865 .897 .919 .934 .948 .957 .965 .975 .98623 .t69 .715 .813 .864 .895 .918 .933 .946 .956 .963 .974 .98424 .669 .714 .812 .863 .895 .917 .932 .944 .953 .961 .972 .98325 .469 .713 .811 .862 .894 .916 .931 .943 .952 .961 .971 .982

26 .448 .712 .810 .861 .893 .915 .930 .942 .951 .960 .970 .981.7 .468 .711 .809 .860 .892 .914 .929 .941 .950 .959 .970 .98028 .467 .710 .809 .859 .891 .914 .928 .940 .950 .958 .969 .97929 .466 .709 .808 .859 .891 .913 .927 .940 .949 .958 .968 .97830 .466 .709 .807 .858 .890 .912 .927 .939 .948 .955 .96b .978

40 .463 .705 .802 .854 .885 .907 .;2? .934 .943 .950 .961 .97250 .462 .703 .800 .5*1 .883 .904 .918 .931 .940 .946 .959 .969An .461 .701 .798 .849 .880 .901 .917 .928 .oj; .905 .956 .96770 
.967

so - - .868 .879 "900 .915 .927 .936 .945 .955 .96580 - .847 .878 .899 .914 .926 .935 .944 .954 944

90 .846 .877 .998 .911 .925 .934 .943 .453 .16)100 m .845 .A76 .897 .912 .924 .933 .942 .952 .962120 .458 .697 .793 .844 .875 .896 .912 .923 .932 .939 .950 .961500 .455 .693 .789 .839 .870 .891 .907 .919 .928 .937 .947 .958

*84w Hote on c�pel 2-34.
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311? 3-1-005
1 March 1972

TABULE 1- continued

PXSCZWTILIS O ThE F DISThIUUTIOm

F.50
. 1 2 3 5 6 7 8 9 10 12 15

1 5.83 7.50 8.20 8,58 8.82 8.98 9.10 9.19 9.26 9.32 9.41 9.49

2 2.57 3.00 3.15 3.23 3.28 3.31 3.3at 3.35 3.37 3.38I 3.39 3.41

3 2.02 2.28 2.36 2.39 2.41 2.42 2.43 2.44 2.44 2.44 2.45 2.66

4 1.81 2.00 2.05 2.06 2.07 2.08 2.08 2.08 2.06 2.08 2.03 2.08

5 1.69 1.65 1.89 1.69 1.89 1.89 1.89 1.89 1.89 1.89 1.69 1.89

6 1.62 1.76 1.79 1.79 1.79 1.78 1.78 1.78 1.77 1.77 1.77 1.76

7 1.57 1.70 1.72 1.71 1.71 1.71 1.70 1.70 1.69 1.69 1.68 1.#8

8 1.56 1.66 1.66 1.66 1.66 1.65 1.64 1.64 1.64 1.63 1.62 1.62

9 1.51 1.62 1.63 1.62 1.62 1.61 1.60 1.60 1.59 1.59 1.58 1.57

10 1.69 1.60 1.59 1.59 1.59 1.58 1.57 1.56 1.56 1.551 1.542 1.532

11 1.47 1.58 1.57 1.56 1.56 1.55 1.54 1.53 1.53 1.523 1.51J 1.503

12 1.46 1.56 1.55 1.54 1.54 1.53 1.52 1.51 1.51 1.500 1.490 1.479

13 1.45 1.55 1.56 1.53 1.52 1.51 1.50 1.50 1.49 1.481 1.47f 1.458

16 1.44 1.53 1.53 1.52 1.50 1.49 1.48 1.47 1.47 1.664 1.453 1.461

15 1.43 1.52 1.52 1.51 1.49 1.68 1.67 1.46 i.*be 1.i. 1.438 1.626

16 1.43 1.52 1.51 1.51 1.48 1.47 1.67 1.45 1.45 1.438 1.426 1.613

17 1.42 1.51 1.50 1.50 1.47 1.46 1.46 1.65 1.6" 1.427 1.415 1.401

18 1.41 1.51 1.50 I..9 1.46 1.46 1.45 1.4" 1.63 1.417 1.405 1.391

1t 1.41 1.5 1.49 1.48 1.46 1.45 1.44 1.43 1.42 1.409 1.396 1.382

20 1.40 1.4%. 1.48 1.47 1.65 1.44 1.43 1.42 1.41 1.401 1.388 1.373

21 1.4@M 1.49. 1.48 1.46 1.45 1.43 1.43 1.42 1.40 1.394 1.381 1.366

22 1.40 1.48 1.47 1.46 1.44 1.43 1.42 1.-!1 1.39 1.388 1.174 1.359

23 1.39 1.48 1.47 1.65 1.44 1.42 1.41 1.40 1.39 1.383 1.368 1,353

24 1.39 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.38 1.377 1.363 1.348

25 1.39 1.67 1.66 1.44 1.63 1.41 1.40 1.34 I.38 1.373 1.359 1.342

26 1.39 1.47 1.65 1.43 1.43 1.41 1.40 !.39 1.38 1.368 1.354 1.338

27 1.38 1.46 1.45 1.43 1.42 1.40 1.39 1.38 1.37 1.364 1.349 1.333

28 1.3a 1.46 1.44 1.42 1.62 1.60 1.39 1.38 1.37 1.360 1.345 L.329

29 1.38 1.45 1.44 1.42 1.41 1.39 1.33 1.37 1.36 1.357 1.342 1.325

30 1.38 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.36 1.354 1.338 1.322

40 1.36 1.44 1.42 1.40 1.39 1.3; 1.36 1.35 1.34 1.330 1.314 1.296

50 1.35 1.43 1.42 1.39 1.38 1.36 1.35 1.34 1.33 1.316 1.299 1.281

60 1.35 !.42 1.41 1.38 1.37 1.35 1.31 1.32 1.31 1.306 1.289 1.270

70 1.35 1.41 1.41 1.36 1.37 1.35 1.33 1.32 1.31 1.300 1.282 1.263

So 1.35 1.41 1.40 1.38 1.37 1,34 1.32 1.31 1.30 1.295 1.277 1.257

S1.34 1.40 1.40 1.37 1.36 1.34 1.32 1.31 1.30 1.291 1.273 1.253

100 1.34 1.40 1.39 1.37 1.36 1.33 1.31 1.30 1.29 1.288 1.27A 1.250

120 1.34 1.40 1.39 1.37 1.35 1.33 1.31 1.30 1.29 1.283 I.2•,5 1.244

500 1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.266 1.246 1.225
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HTP 3-1-005
1 March 1972

TADLK ]-8 continued

IZCIENTILZS OF THE F DISTRIBUTION

F. ?i

d.f. 1  1 2 3 4 5 6 7 8 9 10 12 15

4-f. 2  1 5.83 7.50 8.20 8.58 8.82 8.98 9.10 9.19 9.26 9.32 9.41 9.49

2 2.57 3.00 3.15 3.23 3.28 3.31 3.34 3.35 3.37 3.38 3.39 3.41

3 2.02 2.28 2.36 2.39 2.41 2.42 2.43 2.44 2.4" 2."4 2.45 2.46

4 1.81 2.00 2.05 2.06 2.07 2.08 2.08 2.08 2.08 2.08 2.08 2.08

5 1.69 1.85 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89

6 1.62 1.76 1.79 1.79 1.79 1.78 1.78 1.78 1.77 1.77 1.77 1.76

7 1.57 1.70 1.72 1.71 1.71 1.71 1.70 1.70 1.69 1.69 1.68 1.68

8 1.54 1.66 1.66 1.66 1.66 1.65 1.64 1.64 1.64 1.63 1.62 1.62

9 1.51 1.62 1.63 1.62 1.62 1.61 1.60 1.60 1.59 1.59 1.58 1.57

10 1.49 1.60 1.59 1.59 1.59 1.58 1.57 1.56 1.56 1.551 1.542 1.532

11 1.47 1.53 1.57 1.56 1.56 1.55 1.5, 1.53 1.53 1.523 1.513 1.503

12 1.46 1.56 1.55 1.54 1.54 1.53 1.52 1.51 1.51 1.500 1.490 1.479

13 1.45 1.55 1.54 1.53 1,52 1.51 1.50 1.50 1.49 1.481 1.470 1.458

14 1.44 1.53 1.53 1.52 1.50 1.49 1.48 1\.47 1.47 1.464 1.453 1.441

15 1.43 3.52 1.52 1.51 1.49 1.48 1.47 1.46 1.46 1.450 1.438 1.426

16 1.43 1.52 1.51 1.51 1.48 1.47 1.47 1.45 1.45 1.438 1.426 1.413

17 1.42 -. 51 1.50 1.50 1.47 1.46 1.46 1.45 1.44 1.427 1.415 1.401

I8 1.41 1.51 1.50 1.49 1.46 1.46 1.45 1.44 1.43 1.417 1.405 1.391

19 1.41 1.50 1.49 1.48 1.46 1.45 1.44 1.43 1.42 1.409 1.396 1.382

20 1.40 ).49 1.48 1.47 1.45 1.44 1.43 1.42 1.41 1.401 1.388 1.373

21 1.40 1.49 1.48 1.46 1.45 1.43 1.43 1.42 1.40 1.394 1.381 1.366

22 1.40 1.48 1.47 1.46 1.44 1.43 1.42 1.41 1.39 1.388 1.374 1.359

23 1.39 1.48 1.47 1.45 1.44 1.42 1.41 1.40 1.39 1.383 1.368 1.353

24 1.39 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.38 1.377 1.363 1.348

25 1.39 .. 47 1.46 1.44 1.43 1.41 1.40 1.J9 1.38 1.373 1.358 1.342

26 1.39 1.47 1.45 1.43 1.43 1.41 1.40 1.39 1.38 1.368 1.354 1.338

27 1.38 1.46 1...5 1.43 1.42 1.40 1.39 1.38 1.37 1.164 1.349 1.333

28 1.38 1.46 1.44 1.42 1.42 1.40 1.39 1.38 1.37 1.369 1.34' 1.329

29 1.38 1.45 1."4 1.42 1.41 1.39 1.38 1.37 1.36 1.357 1.342 1.325

30 1.38 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.36 1.354 1.318 1.322

40 1.36 1.44 1.42 1.40 1.39 1.37 1.36 1.35 1.34 1.330 1.314 1.296

50 1.35 1.43 1.42 1.39 1.38 1.36 1.35 1.34 1.33 1.316 1.299 1.281

60 1.35 1.42 1.41 1.38 1.37 1.35 1.33 1.32 1.31 1.306 1.289 1.270

70 1.35 1.41 1.41 1.38 1.37 1.35 1.33 1.32 1.31 1.300 1.282 1.263

80 1.35 1.41 1.40 1.38 1.37 1.34 1.32 1.31 1.30 1.295 1.277 1.257

90 1.34 1.40 1.40 1.37 1.36 1.34 1.32 1.31 1.30 1.291 1.273 1.253

100 1.34 1.40 1.39 1.37 1.36 1.33 1.31 1.30 1.29 1.288 1.270 1.250

120 1.34 1.40 1.39 1.37 1.35 1.33 1.31 1.30 1.29 1.283 1.265 1.244

500 1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.266 1.246 1.225
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wrP 3-1-005
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TABLE 1-8 continuod

PERCENTILES OF 2E If D282M182.T202

df 20 25 30 4.0 so1 60 70 SO 910 200 120 500
1 9.58 9.63 9.67 9.71 9.71. 9.76 9.76 40.77 9.70 9.70 9.80

2 3.113 3.413 3.44 3.4.5 3.1.5 3.4.6 3.466 1.46 3.47 3.4.7 3.4.7 '.1.8
3 2.4.6 2.1.6 2.1.7 2.467 2.1.7 2.47 2.1.7 2.4.7 2.47 2.47 2.4.7 2.4-1
4. 2.041 2.08 2.00 2.08 2.n8 2.08 2.08 ,.08 2,08 2.fl8 2.08 2.08
5 1.8 2 .88 1.88 2.8 A .8 I 2 .87 2.117 1.87 2.817 1.7 .87 1.87 -*

6 1.76 2.73 2.75 2.75 1.75 1 74 1.74 1.74 1.,. 1.74 1.74 1.74.
7 1.67 2.67 1.66 2.66 2.66 1.65 1.65 2.65 2.65 1.65 2.65 1.65
a 1.61 1.60 1.6n 1.S9 1.59 1.59 2.59 2.511 1.58 2.58 2.58 2.58

9: 1.*567 2'.5'6 1.55'1 :1 25. 25. 2.51. 2.52 2.43 .59 2.53 2.

11 1.4.92 1.4.85 1.480n 1.474 1 AM7 1.467 1,4.6S 1.46) 21.462 1.461 1.460) 1.4$56
12 1.4.67 1.4.59 1.454 31.447 1.44) 1.44.0 1.430 .1.436 1.435 21.43.1 1.4.32 1.4.54
23 1.4.16 1.4.18 1.432 1.425 1.420 1.417 1.41.4 1.413 2.4.21 1.410 2.4.08 2.402

14 1.4.28 21.419 1.413 2.405 .1.00n 2.197 1.394 1.939 2. 341l 2.3 )o) 2.388 1.31M

is 1.4.12 1.4n3 1.397 2.Ig9 1.383 1.)80 1.3,77 1.)75 1.)74 1.272 1.370 1.361

26 1.398 1.380 2.382 1.371. 2.368 1.365 1.)362 2.360 1.358 1.357 2.355 1.1!.?
17 1.386 2.277 2.3170 1.161 1.155 1.352 1.348 2.3l4f 1.344. 1.343 1. 141 1.131
28 1.1176 1.166 1.359 2.1.94 1.343 1.1339 .336 1.334. 1.112 1.131 1.329 2.0

19 12,3,6 0 2 15A 1.349 2. 146 2.323 1. 329 1.326 1.321 1.1i2 1.320 2.328 2.108
20 1.157 1. 147 2. 3402 1.3120 L 1.21 1.319 2.316 2.123 2. 112 2.220 2.30n 2.2'90

21 2.3) 139 .311 1.321 2.15 2.32JO 1.307 ).04 .12 .3 .28 1.2890
22 1.'.1 3.12 1.?4 2.32 2. 1.n2 2.194 1.296 .294. 2.9 .9 ..2An

23 *.31h 2.325 1.)17 1.306 1.3on4 1.2"5 1.2191 .2149 2.2807 2.285 2.282 1.272.
21. 1.310) 2.310 2.111 2.100 2.?93 2.2098 1.2181 1.2142 1.280 2.278 2.175 1.265
25 1.125 2.212 1.305 1.2946 ).,,A? 2.2182, . 1. .-$ 1.275 1.27 .171 1.1169 2.2 9

26. 1.3)20 1.'08 I2.30 )w .288 1.2141 1-276 1..277 1.210 1 It.2I I 2.,,As 2."A4 1-252

27 1.325 2.201 !.?95 1..23 ..27A 1.1171 1.267 2.264 1.162 2.26" 1.257 1..21.
28 i.1112 I.) 2.259 n I ~ .1.2'1 2.271 1.166 2 .2 1.2%9 2.2' 225 1-252 1.2ý461
24 1.)07 2.?Q% 2.286 2.271. 1.6. .6 225 .24 252 -250 2.247 1..')$

1.2 .3.11 1.0 .2112 1.7 .262 1.257 2252l 2.25 Pi2n 1.4 .24.2 3.234

4.0 2.27. 2.26.' 2.252 I.zlo !.,I 1.2" 2.24 2.2.'" 2.226 2.223 1.221 !."m~ 2.283
5,~ 2.259 22145 2.235 2 22 .111 1.204 2.250 2.106 1.292 2.26(3 2.296h 1770

60n 2.148 2.2731 2.2 1.1"m 2.1qm 2.191 2.201% 2.182 . 1.*1 -171 1.172 I.I53

703 1.240 2.725 1.214 2.368 2.288 2.2(2 1.175 1.272 2.26' 2.2A4. 1114.0 :1.41
80 2.2135 1 .2 211 .207 2. 1-11 1. 101 2.2171 2.2' 1.14.1& 1.2159 2.2156 .2152 1. 141

90 2.230n 2.214 1.2(12 1.26 0 2 1.1 4 .67 2.24.2 I.25V !.M5 2.250 I.IS 2..4
inn0 1.226 2.220 2.26A 1.102 2.27"n ].IA., 1.25% !.252 2.2'm 1.I.4 22;19 2.i2'

12" 1.721 2.2,)4 2.292 1.111, 2.161 !.1,5 2.I~q 1.11.4 2.240 1.211A 1.232 2. '7
500 2.209 2.292 2.268 1.4 1.116 2.226 1.228 1.112 1.1117 222 .6 21.
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TABLI 3-8 continued

PERCENTILES OF TlH F DISTIBIUTIL.

2 3 4 5 6 7 8 9 10 12 15
A.f.L 3.75 3.26 3.31 3.36 3.41 3.45 3.46 3.50 3.52 3.55 3.58

3 3.60 2.92 2.87 2.87 2.88 2.89 2.90 2.90 2.91 2.92 2.92
4 3.24 2.55 2.48 2.46 2.45 2.45 2.45 2.45 2.44 2.44 2.44
5 3.03 2.35 2.26 2.23 2.21 2.20 2.19 2.19 2.19 2.18 2.17

6 2.90 2.22 2.12 2.08 2.16 2.05 2.04 2.03 2.U3 2.02 2.01
7 2.8u 2.13 2.03 1.98 1.96 1.94 1.93 1.92 1.92 1.90 1.89

a 2.73 2.06 1.96 1.91 1.89 1.87 1.86 1.85 1.84 1.82 1.81
9 2.68 2.02 1.91 1."6 1.83 1.81 1.80 1.79 1.78 1.76 1.75

10 2.64 1.98 1.87 1.82 1.79 1.77 1.75 1.74 1.73 1.72 1.72

11 2.60 1.95 1.83 1.79 1.76 1.73 1.72 1.70 1.69 1.69 1.69
12 2.58 1.92 1.81 1.76 1.73 1.71 1.69 1.68 1.66 1.65 1.65
13 2.55 1.90 1.78 1.73 1.70 1.68 1.66 1.64 1.63 1.62 1.60

14 2.53 1.88 1.76 1.71 1.69 1.6( 1.64 1.62 1.61 1.59 1.57

15 2.52 1.87 1.75 1.70 1.68 1.6'. 1.62 1.61 1.60 1.58 1.56

16 2.50 1.85 1.74 1.68 1.65 1.62 1.60 1.59 1.58 1.56 1.54
17 2.49 1.84 1.72 1.67 1.63 1.61 1.59 1.58 1.56 1.54 1.52

18 2.48 1.83 1.71 1.66 1.62 1.60 1.58 1.56 1.55 1.53 1.51

19 2.47 1.82 1.70 1.65 1.61 1.59 1.57 1.55 1.54 1.52 1.50

20 2.46 1.82 1.70 1.64 1.61 1.58 1.56 1.55 1.53 1.51 1.49

21 2.45 1.81 1.6q 1.63 1.60 1.57 1.55 1.53 1.52 1.50 1.48

22 2.44 1.80 1.68 1.62 1.59 1.56 1.54 1.53 1.51 1.49 1.47

23 2.44 1.79 1.67 1.62 1.58 1.56 1.53 1.52 1.50 1.48 1.46

24 2.43 1.7Q 1.67 1.61 1.58 1.55 1.53 1.52 1.50 1.48 1.46

25 2.43 1.78 1.66 1.61 1.57 1.54 1.52 1.51 1.45 1.47 1.44

26 2.42 1.78 1.66 1.60 1.56 1.54 1.52 1.50 1.49 1.46 1.44

27 2.42 1.77 1.65 1.60 1.56 1.53 1.51 1.49 1.48 1.46 1.43
28 2.41 1.77 1.h5 1.59 1.56 1.53 1.51 1.49 1.48 1.45 1.43

29 2.41 1.77 1.65 1.59 1.55 1.5i 1.50 1.49 1.47 1.45 1.42

30 2.41 1.77 1.64 1.59 1.55 1.52 1.50 1.48 1.47 1.45 1.42

40 2.38 1.74 1.62 1.56 1.53 1.50 1.47 1.46 1.44 1.42 1.39
n0 2.16 1.73 1.60 1.54 1.50 1.47 1.45 1.43 1.42 1.39 1.36

60 2.36 1.72 1.60 1.54 1.50 1.47 1.44 1.43 1.41 1.38 1.36

7n 2.34 1.71 1.5q 1.53 1.49 1.46 1.43 1.41 1.40 1.37 1.34
Rn 2.14 1.'0 1.58 1.52 1.48 1.45 1..43 1.41 1.39 1.36 1.33

90 2.33 1.-, 1.58 1.52 1.48 1.45 1.42 1.40 1.39 1.36 1.33

I00 2.33 3.7n 1.57 1.51 1.47 1.44 1.42 1.40 1.38 1.35 1.33

120 2.13 1.79 1.57 1.51 1.47 1.44 1 42 1.40 1.38 1.35 1.32
5s ' 2.11 1.6, 1.56 1.49 1.45 1.42 1.40 1.37 1.36 1.33 1.30
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TABLE 5-8 continued

PERCEWIILES OF THE F DISTRIBL'TION

jf.1l 20 25 30 40 50 60 70 80 s 0 100 120 500

3.60 3.61 3.63 3.65 3.66 3.66 3.66 3.66 3.67 3.68 3.68 3.69

3 2.93 2.93 2.94 2.94 2.95 2.95 2.95 2.95 2.95 2.95 2.96 2.96

4 2.44 2.44 2.44 2.44 2.44 2.44 2.44 2.43 2.43 2.43 2.43 2.43

5 2.17 2.16 2.16 2.16 2.16 2.16 2.15 2.15 2.15 2.15 2.15 2.15

6 2.00 1.99 1.99 1.98 1.98 1.96 1.97 1.97 1.97 1.97 1.97 1.97

7 1.88 1.87 1.87 1.86 1.86 1.86 1.85 1.85 1.85 1.85 1.85 1.84A

8 1.80 1.78 1.78 1.77 1.77 1.77 1.76 1.76 1.76 1.76 1.76 1.75

9 1.73 1.72 1.72 1.71 1.70 1.70 1.69 1.69 1.69 1.69 1.69 1.68

10 1.682 1.671 1.664 1.654 1.648 1.644 1.641 1.639 1.637 1.636 1.634 1.676

11 1.642 1.630 1.622 1.612 1.605 1.601 1.598 1.595 1.593 1.592 1.590 1.581

12 1.606 1.596 1.588 1.577 1.570 1.565 1.562 1.559 1.537 1.555 1.553 1.543

13 1.580 1.568 1.559 1.547 1.540 1.535 1,531 1.528 1.526 1.525 1.522 1.512

14 1.557 1.543 1.534 1.522 1.514 1.509 1,505 1.502 1.500 1.498 1.495 1.485

15 1.536 1.522 1.513 1.500 1.492 1.487 1.483 1.480 1.477 1.475 1.472 1.461

16 1.518 1.504 1.494 i.481 1.473 1.467 1.463 1.460 1.457 1.455 1.452 1.440

17 1.503 1.488 1.477 1.464 1.455 1.450 1.445 1.442 1.439 1.437 1.434 1.422

18 1.489 1.474 1.46V 1.449 1.440 1.434 1.430 1.426 1.424 1.422 1.418 1.406

19 1.476 1.461 1.450 1.436 1.427 1.420 1.416 1.412 1.410 1.407 1.404 1.391

20 1.465 1.449 L.438 1.423 1.414 1.408 1.403 1.400 1.397 1.395 1.391 1.377

21 1.455 1.439 427 1.413 1.403 1.397 1.392 1.388 1.385 1.383 1.379 1.365

22 1.446 1.429 1.1.18 1.403 1.393 1.386 1.381 1.378 1.375 1.372 1.369 1.354

23 1.437 1.421 1.4.19 1.39) 1.384 1.377 1.372 1.368 1.365 1.362 1.359 1.344

24 1.430 1.413 1.401 1.385 1.375 1.368 1.363 1.359 1.356 1.353 1.350 1.334

25 1.423 1.406 1.393 1.377 1.367 1.360 1.355 1.351 1.348 1.345 1.341 1.326

26 1.416 1.399 1.387 1.370 1.360 1.353 1.347 1.343 1.340 1.337 1.333 1.318

27 1.410 1.393 1.380 1.364 1.353 1.346 1.340 1.336 1.333 1.330 1.326 1.310

28 1.405 1.387 1.374 1.357 1.343 1.339 1.334 i.:30 1.37A 1.324 1.319 1.303

29 1.400 1.382 1.369 1.3!2 1.341 1.333 1.328 1.323 1.320 1.317 1.313 1.296

30 1.395 1.377 1.364 I 346 1.335 1.328 1.322 1.318 1.314 1.311 1.307 1.290

" "0 1.60 1.340 1.326 1.307 1.295 1.29a 1.280 1.275 1.271 1.268 1.263 1.24.

50 1.339 1.318 1.303 1.293 1.270 1.261 1.254 1.249 1.245 1.241 1.236 1.214

60 1.324 1.303 1.288 1.267 1.253 1.244 1.236 1.231 1.226 1.222 1.217 1.193

70 1.314 1.293 1.277 1.255 1.2"1 1.231 1.223 1.218 1.213 1.209 1.203 1.177

80 1.307 1.285 1.269 1.246 1.232 1.221 1.214 1.207 1.203 1.198 1.192 1.1,5

90 1.301 1.278 1.262 1.240 1.225 1.214 1.206 1.199 1.194 1.190 1.184 1.156

10 1.296 1.273 1.257 1.234 1.219 1.208 1.200 1.193 1,188 1.183 1.177 1.148

120 1.289 1.2e,6 l.249 2..225 1.210 1.199 1.190 1.183 1.178 1.173 1.166 1.135

500 1.262 1.237 1.2:9 1.193 1.175 1.162 1.152 1.143 1.137 1.131 1.122 1.078
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TABLES &-8 continued

PERCENTILES OF THE F DISTRIBUTION

F.85

d . 2 3 4 5 6 7 8 9 10 12 152 5.52 4.84 4.91 5.00 5.06 5.12 5.16 5.20 5.22 5.26 5.31

3 4.72 3.83 3.76 3.75 3.75 3.76 3.77 3.77 3.77 3.78 3.79
4 4.10 3.21 3.10 3.06 3.04 3.03 3.03 3.02 3.02 3.01 3.00
5 3.75 2.88 2.75 2.70 2.67 2.65 2.64 2.63 2.62 2.61 2.60

6 3.54 2.67 2.54 2.49 2.45 2.43 2.41 2.40 2.39 2.37 2.35
7 3.39 2.55 2.41 2.34 2.30 2.28 2.26 2.24 2.23 2.21 2.19
8 3.29 2.46 2.31 2.24 2.20 2.17 2.15 2.13 2.12 2.10 2.08
9 3.21 2.39 2.24 2.17 2.12 2.09 2.07 2.05 2.03 2.01 1.99

10 3.15 2.33 2.18 2.11 2.06 2.03 2.01 1.99 1.971 1.946 1.921

11 3.10 2.29 2.14 2.06 2.02 1.98 1.96 1.94 1.919 1.894 1.866
.12 3.06 2.26 2.10 2.02 1.98 1.94 1.92 1.89 1.877 1.851 1.824
13 3.03 2.23 2.07 1.99 1.94 1.91 1.88 1.86 1.842 1.814 1.788
14 3.00 2.20 2.04 1.97 1.92 1.88 1.85 1.83 1.813 1.786 1.755
15 2.98 2.18 2.02 1.94 1.89 1.86 1.83 1.81 1.787 1.759 1.729

16 2.96 2.16 2.00 1.92 1.87 1.84 1.81 1.78 1.776 1.759 1.705
17 2.94 2.15 1.99 1.91 1.86 1.82 1.79 1.77 1.747 1.717 1.685
18 2.93 2.13 1.97 1.89 1.84 1.80 1.77 1.75 1.729 1.700 1.668
19 2.91 2.12 1.96 1.88 1.83 1.79 1.76 1.73 1.716 1.685 1.652
20 2.90 2.11 1.95 1.87 1.81 1.78 1.75 1.72 1.702 1.670 1.637

21 2.89 2.10 1.94 1.86 1.80 1.76 1.73 1.71 1.690 1.658 1.625
22 2.88 2.09 1.93 1.85 1.79 1.75 1.72 1.70 1.678 1.647 1.612
23 2.87 2.08 1.92 1.84 1.78 1.74 1.71 1.69 1.668 1.637 1.603
24 2.86 2.08 1.91 1.83 1.78 1.74 1.71 1.68 1.660 1.627 1.593
25 2.85 2.07 1.90 1.82 1.77 1.73 1.70 1.67 1.652 1.619 1.584

26 2.85 2.06 1.90 1.81 1.76 1.72 1.69 1.67 1.643 1 lit 1.576
27 2.84 2.06 1.89 1.81 1.75 1.71 1.68 1.66 1.637 1.603 1.568
28 2.83 2.05 1.89 1.80 1.75 1.71 1.68 1.65 1.630 1.596 1.562
29 2.83 2.05 1.88 1.80 1.74 1.70 1.67 1.65 1.624 1.590 1.555
30 2.82 2.04 1.88 1.79 1.74 1.70 1.67 1.64 1.619 1.585 1.549

40 2.79 2.01 1.84 1.76 1.70 1.66 1.63 1.60 1.577 1.543 1.505
50 2.76 1.99 1.82 1.74 1.68 1.64 1.60 1.58 1.554 1.518 1.479
60 2.75 1.98 1.81 1.72 1.67 1.62 1.59 1.56 1.538 1.502 1.462
70 2.74 1.97 1.80 1.71 1.65 1.61 :.58 1.55 1.526 1.490 1.450
80 2.73 1.96 1.79 1.71 1.65 1.60 1.57 1.54 1.518 1.481 1.440

90 2.72. 1.95 1.79 1.70 1.64. 1.60 1.56 1.54 1.511 1.474 1.433
10) 2.72 1.95 1.7b !,7u 1.64 1.59 1.56 1.53 1.506 1.469 1.427
120 2.72 1.94 1.78 1.69 1.63 1.59 1.55 1.52 1.499 1.460 1.419
500 2.67 1.92 1.75 1.66 1.60 1.56 1.52 1.49 1.469 1.430 1.386
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TABLE 8-8 continued

PERCENTILES OF THE P DISTPIBUTION

F.95

2C 23 30 40 50 60 70 80 90 100 120 500

d.f.2 5.35 5.38 5.39 5.41 5.42 5.44 5.44 5.45 5 5.45 546 5.47

3 3.80 3.80 3.80 1.81 3.81 3.81 3.81 3.81 1.81 3.81 3.82 3.82

4 3.00 2.99 2.99 2.99 2.99 2.98 2.98 2.98 2.98 2.98 2.98 2.98

5 2.58 2.58 2.57 2.56 2.56 2.55 2.55 2.55 2.5! 2.55 2.54 2.54

6 2.33 2.32 2.32 2.31 2.30 2.30 2.30 2.29 2.29 2.29 2.29 2.28

7 2.17 2.16 2.15 2.14 2.13 ý.13 2.12 2.12 2.12 2.11 2.11 2.10

8 2.05 2.04 2.03 2.01 2.01 2.00 2.00 2.00 1.99 1.99 1.99 1.98

9 1.96 1.95 1.94 1.92 1.91 1.91 1.90 1.90 1.90 1.90 1.89 1.88

10 1.894 1.877 1.866 1.851 1.842 1.836 1.331 1.827 1.825 1.823 1.820 1.807

11 1.838 1.822 1.809 1.793 1.784 1.777 1.771 1.768 1.766 1.764 1.761 1.747

12 1.793 1.775 1.762 1.745 1.736 1.729 1.724 1.721 1.717 1.714 1.710 1.697

13 1.755 1.736 1,724 1,7n7 1.605 1.64R 1..3 1I."A- 1.674 1.673 1.570 1.655

14 1.724 1.704 1.690 1.675 1.661 i.653 1.648 1.645 1.642 1.638 1.635 1.619

15 1.697 1.676 1.661 1.643 1.632 1.624 1.619 1.614 1.611 1.608 1.604 1.588

16 1.673 1.652 1.637 1.619 1.606 1.598 1.592 1.588 1.584 1.582 1.577 1.560

17 1.652 1.630 1.616 1.596 1.584 1.576 1.569 1.565 1.562 1.558 1.554 1.537

18 1.633 1.611 1.S96 1.576 1.563 1.555 1.549 1.5.4 1.540 1.537 1.532 1.51!

19 1.617 1.595 1.579 1.558 1.546 1.537 1.531 1.526 1.521 1.518 1.514 1.496

20 1.603 1.579 1.563 1.543 1.529 1.520 1.514 1.509 1.505 1.502 1.497 1.478

21 1.588 1.566 1.549 1.528 1.515 1.506 1.499 1.494 1.490 1.487 1.482 1.462

22 1.577 1.554 1.537 1.515 1.502 1.493 1,485 1.481 1.476 1.474 1.468 1.447

23 1.566 1.541 1.57S T i.Snl 1.490 1.479 1.474 1.468 1.463 1.460 1.454 1.434

24 1.555 1.532 1.514 1.493 1.478 1.469 1.462 1.456 1.452 1.449 1.443 1.423

25 1.546 1.521 1.505 1.482 1.46P 1.459 1.452 1.446 1.441 1.437 1.433 1.411

26 1.538 1.512 1.496 1.474 1.459 1.449 1.441 1.436 1.431 1.427 1.423 1.400

27 1.529 1.505 1.487 1.465 1.450 1.440 1.433 1.427 1.421 1.419 1.413 1.390

28 1.523 1.497 1.479 1.456 1.441 1.431 1.424 1.419 1.413 1.410 1.404 1.382

29 1.515 1.490 1.472 1.449 1.434 1.424 1.416 1.410 1.406 1.402 1.396 1.373

30 1.509 1.484 1.466 1,441 1.427 1.416 1.409 1.403 1.397 1.395 ).388 1.366

40 1.463 1.437 1.417 1.392 1.375 1.363 1.355 1.348 1.343 1.339 1.332 1.306

50 1.436 1.407 1.388 1.360 1.343 1.331 1.321 1.315 1.308 1.304 1.296 1.268

60 1.419 1.389 1.368 1.340 1.321 1.308 1.299 1.291 1.:85 1.280 1.273 1.242

70 1.404 1.375 1.353 1.325 1.306 1.293 1.282 1,275 1.268 1.263 1.256 1.222

80 1.395 1,364 1.343 1.313 1.294 1.280 1.269 1,262 1.256 1.249 1.242 1.206

90 1.388 1.357 1.335 1.304 1.285 1.271 1.259 1.252 1.244 1.239 1.231 1.194

100 1.381 1.351 1.328 1.298 1.277 1.263 1.252 1.243 1.237 1.231 1.222 1.184

120 1.373 1.341 1.319 1.286 1.266 1.251 1.239 1.231 1.223 1.217 1.209 1.168

500 1.337 1.304 1.280 1.244 1.221 1.204 1.191 1.180 1.172 1.165 1.153 1.097
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TABLE B-8 continued

PERCENTILES OF THE F DISTRIBUTION

P.90

1 2 3 4 5 6 7 8 9 10 12 15

39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 5P.86 60.19 60.71 61.22

2 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39 9.41 9.42

3 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23 5.22 5.20

4 4.54 4.32 4.19 4.11 4.05 4.01 3.98 ? 15 3.94 3.92 3.90 3.87

5 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 3.30 3.27 3.24

6 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 2.94 2.90 2.87

7 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72 2.70 2.67 2.63
8 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56 2.50 2.50 2.46

9 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44 2.42 2.38 2.34

10 3.29 2.92 2.73 2.61 2.5^ 2.46 2.41 2.38 2.35 2.32 2.28 2.24

11 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 2.27 2.25 2.21 2.17

12 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21 2.19 2.15 2.10

13 3.14 2.76 2.56 2.43 2.35 2.28 2.23 2.20 2.16 2.14 2.10 2.05

14 3.10 2.73 2.52 2.39 2.31 2.24 2.19 2.15 2.12 2.10 2.05 2.01
15 3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.12 2.09 2.06 2.32 1.97

16 3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 2.06 2.03 1.99 1.94

17 3.03 2.64 2.44 2.31 2.22 2.15 2.10 2.06 2.03 2.00 1,96 1.91
18 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00 1.98 1.93 1.89

19 2.99 2.61 2.40 2.27 2.18 2.11 2.06 2.02 1.98 1.96 1.91 1.86
1 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 1.94 1.89 1.84

21 2.QA 2.57 2.36 2.23 2.14 2.08 2.02 1.98 1.95 1.92 1.87 1.83
22 2.95 2.56 2.35 2.22 2.13 2.06 2.01 1.97 1.93 1.90 1.86 1.81
23 2.94 2.55 2.34 2.21 2.11 2.05 1.99 1.95 1.92 1.89 1.84 1.80

24 2.93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91 1.8f 1.83 1.78
25 2.92 2.53 2.32 2.16 2.09 2.02 1.97 1.93 1.89 1.87 1.82 1.77

26 2.91 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88 1.86 1.81 1.76
27 2.90 2.51 2.30 2.17 2.07 2.00 1.95 1.91 1.87 1.85 1.80 1.75

28 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.79 1.74
29 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.39 1.86 1.83 1.78 1.73
30 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85 1.82 1.77 1.72

40 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.76 1.71 1.66
50 2.82 2.42 2.21 2.07 1.99 1.91 1.85 1.80 1.76 1.73 1.68 1.62
60 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 1.71 1.66 1.60

70 - - - 2.08 1.96 1.87 1.87 1.76 1.72 1.69 1.64 1.58
80 - - - 2.07 1.Q5 1.86 1.80 1.75 1.71 1.68 1.63 1.56

9U - - - 2.06 1.94 1.85 1.79 1.74 1.70 1.67 1.62 1.56
100 - - - 2.06 ".93 1.85 1.79 1.74 1.70 1.66 1.61 1.55
120 2.75 2.35 2.13 2.05 1.92 1.84 1.78 1.73 1.69 1.65 1.60 1.54
500 2.71 2.30 2.08 2.01 1.89 1.74 1.84 1.69 1.65 1.61 1.56 1.50
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TABLE B-8 continued

PERCENTILES OP TIlE F DISTRIBUTrION

F.90O20 25 30 40 50 60 70 80 90 100 120 500d.f. 2 1 61.74 62.00 62.26 62.53 62.66 62.79 - - - - 63.06 63.332 9.44 9.45 9.46 9.47 9.47 9.47 - - - - 9.4 9.493 5.18 5.18 5.17 5.16 5.15 5.15 -- - 5.14 5.134 3.84 3.83 3.82 3.80 3.79 3.79 - - 3.78 3.765 3.21 3.19 3.17 3.16 3.15 3.14 -- 3.12 3.10
6 2.84 2.82 2.80 2.78 2.77 2.76 - - 2.74 2.727 2.59 2.58 2.56 2.54 2.53 2.51 - - 2.49 2.478 2.42 2.40 2.38 2.36 2.35 2.34 - _ 2.32 2.299 2.30 2.28 2.25 2.23 2.22 2.21 - - - - 2.16 2.1610 2.20 2.18 2.16 2.13 2.12 2.11 2.11 2.10 2.10 2.09 2.08 2.07

11 2.12 2.10 2.08 2.05 2.04 2.03 2.02 2.02 2.01 2.01 2.00 1.9812 2.06 2.04 2.01 1.99 1.97 1.96 1.95 1.95 1.94 1.94 1.93 1.9113 2.01 1.98 1.96 1.93 1.91 1.90 1.90 1.89 1.89 1.88 1.88 1.8614 1.96 1.94 1.91 1.89 1.d7 1.86 1.P5 1.84 1.81. 1.83 1.83 1.8115 1.92 1.90 1.87 1.85 1.83 1 82 1.81 1.80 1.80 1.79 1.79 i.76
16 1.89 1.87 1.84 1.81 1.79 1.' 1.'7 1.'6 1 6 1.76 175 *..317 1.86 1.84 1.81 1.78 1.76 1. 1 5 .- 1.73 1 . !3 1.72 1.72 2.6918 1.84 1.81 1.78 1.75 1.73 1.72 1.71 1,70 1.70 1.70 1.69 1.6619 1.31 1.79 1.76 1.73 1.71 1.70 I.19 1.63 1.67 1.67 1.67 1.6420 1.79 1.77 1.74 1.71 1.69 1.68 1.66 1.A6 1.65 1.65 1.64 1.61

21 1.78 1,75 1.72 1.69 1.67 1.ýh 1.64 1.64 1.63 1.63 1.62 1.5922 1.76 1.73 1.70 1.67 1.65 >.. 1.63 . 1.61 1.61 1.60 1.5723 1.74 1.72 1.69 1 66 1.63 .62 1.61 1 .,0 1.60 1 59 1.59 1.5624 1.73 1.70 1.6' 1.64 1.62 1..l 1.59 1.59 1.58 1.58 1.57 1.5425 1.72 1.69 1.66 1.63 1. 60 I.,9 1.38 1.57 1.57 1.56 1.56 1.52
26 1.71 1.68 1.65 1.61 1.59 1.58 1.57 1.5o, 1.55 1.55 1.54 1.5127 1.76 :.67 1.64 1.6n 1.58 1.- 1.55 l.s 1.,4 1.54 1.53 1.5028 1.;9 1.6f, 1.61 1.59 1. " 1.56 1.54 1 4 1.53 1.52 1.52 1.4929 1.68 1.65 1 .b2 1.58 1.56 1.55 1.53 1. 2 1.52 lR 1.51 1.4730 1.67 1.64 1.61 1 4 - 1.51 1.54 1.52 1. 1.51 1.50 1.50 1.4-6

;0 1.61 U1.. 1.51 1.48 1.-7 1.45 1..4 1.43 1.43 1.42 1.38s0 1.56 i :3 7, 1., 1.44 7 .4, 1.41 1.40 1.39 1.18 1.37 1.3460 1.54 .- 'i 1, 1 - 1.41 1. 40 1.38 I. 17 1.36 1. 35 1.35 1.3070 1.52 1.45 ,4 1.8 1,3q 1.37 36 ).15 1.34 1.33 1.32 1 3280 51 i .1.4,- 2 ; 1..- 1.17 1.35 ;.14 1. 3 1.32 1.31 1.30 1.26
90 1.33 1..6 1.0 1.36 1 . 4 II 1.12 1.31 1.30 1.29 h124100 1.49 1,45 '-2 • 1.35 1. . 1.31 1. w0 1.29 1.29 1.23120 1.48 1.4.4 1 .0 1.34 1.12 1. 07. 1,29 1.28 1.27 1.26 1.21500 1.43 1.39 1.36 .1 1.26 1.24 1.23 1.21 1.20 1.19 1.12
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TABLE E-8 continued

PERCEN-TLES oF THE F DISTRIBUTION

P.95

Sf 2 3 4 5 6 7 8 9 10 12 15
161.4 199.5 215.7 224.6 230.2 234.0 236.8 238 9 240.5 241.9 243.9 245.9

2 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38 19.40 19.41 19.43

3 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.74 8.70

4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.91 5.86

5 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 4.74 4.68 4.62

6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.00 3.94

7 5.59 1,.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64 3.57 3.51

8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.28 3.22

9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.01

10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98 2.91 2.85

11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.85 2.79 2.72

12 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80 2.75 2.69 2.62

13 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71 2.67 2.60 2.53

14 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65 2.60 2.53 2.46
15 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.48 2.40

16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.42 2.35
17 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49 2.45 2.38 2.31
18 4.41 3.55 3.16 2.93 .. 2.77 2.66 2.58 2.51 2.46 2.41 2.34 2.27

19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.4a 2.42 2.38 2.31 2.23
20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.28 2.20

21 4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37 2.32 2.25 2.18

22 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.23 2.15
23 4.2R 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32 2.27 2.20 2.13
24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.18 2.11
25 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28 2.74 2.16 2.09

26 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.15 2.07
27 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25 2.20 2.13 2.06
28 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 2.19 2.12 2.04
29 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22 2.18 2.10 2.03
30 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 2.16 2.09 2.01

40 4.08 3.23 2.8". 2.61 2.45 2.34 2.25 2.18 2.12 2.08 2.00 1.92
50 4.04 3.19 2.80 2.61 2.42 2.30 2.20 2.13 2.07 2.02 1.95 1.87
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.92 1.84
70 - - - 2.55 2.37 2.24 2.15 2.08 2.02 1.97 1.89 1.81
80 - - - 2.54 2.35 2.23 2.13 2.0, 2.00 1.95 1.87 1.79

90 - - - 2.53 2.34 2.21 2.12 2.05 1.99 1.94 1.86 1.78
100 - - - 2.52 2.33 2.20 2.11 2.04 1.98 1.93 1.85 1.76
120 3.92 3.07 2.68 2.45 2.29 2.17 2.09 2.02 1.96 1.91 1.83 1.75
500 3.84 3.00 2.60 2.44 2.26 2.13 2.04 1.96 1.90 1.85 1.77 1.68
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TABLE 8-8 continued

PERCENTILES OF THE F DIS7115UT!ON

F.95

f.1 20 25 30 40 50 to 70 90 90 100 120 500
dT, 248.0 249.1 250.1 251.1 251.6 252.2 - - - - 253.3 254.3

2 19.45 19.45 19.46 19.47 19.48 19.48 - - - - 19.49 19.50

3 8.66 3.,64 8.62 8.59 8.58 8.57 - 8.55 8.53

4 5.80 5.77 5.75 5.72 5.71 5.69 - 5.66 5.63

5 4.56 4.53 4.50 4.46 4.45 4.43 - 4.40 4.36

6 3.87 3.84 3.81 3.77 3.76 3.74 - 3.70 3.67

7 3.44 3.41 3.38 3.34 3.32 3.30 - - 3.,/ 3.23

8 3.15 3.12 3.08 3.04 3.03 3.01 - 2.97 2.93

9 2.94 2.90 2.86 2.83 2.82 2.79 - 2.75 2.71

'0 2.77 2.74 2.70 2.66 2.65 2.62 2.62 2.61 2.6' 2.60 2.58 2.56

11 2.65 2.61 2.57 2.53 2.51 2.49 2.49 2.48 2.47 2.47 2.45 2.43

12 2.54 2.51 2.47 2.43 2.41 2.38 2.38 2.37 2.36 2.36 2.34 2.32

13 2.46 2.42 2.38 2.34 2,32 2.30 2.29 2.28 2.27 :.27 2.25 2.22

14 2.39 2.35 2.31 2.27 2.24 2.22 2.21 2.20 2.20 2.19 2.18 2.15

15 2.33 2.29 2.25 2.20 2.18 2.16 2.15 2.14 2.13 2.13 2.11 2.08

16 2.28 2.24 2.19 2.15 2.12 2.11 2.09 2.08 2.08 2.07 2.06 2.01

17 2.23 2.19 2.15 2.10 2.08 2.06 2.04 2.03 2.03 2.02 2.01 1.9i

18 2.19 2.15 2.11 2.06 2.03 2.02 2.00 1.99 1.98 1.98 1.9; 1.93

19 2.16 2.11 2.07 2.03 2.00 1.98 1.96 1.95 1.95 1.94 1.93 1.89

20 2.12 2.08 2.04 1.99 1.96 1.95 1.93 1.92 1.91 1.90 1.90 1.8b

21 2.10 2.05 2.01 1.96 1.93 1.92 1.90 1.89 1.89 1.87 1.87 1.87

22 2.07 2.03 1.98 1.94 1.91 1.89 1.87 1.86 1.85 1.85 1.84 1.79

23 2.05 2.01 1,96 1.91 1.88 1.86 1.85 1.84 1.83 1.82 1.81 1.77

24 2.03 1.98 1.94 1.89 !.86 1.84 1.82 1.81 1.8u 1.80 1.79 1.74

25 2.01 1.96 1.92 1.87 1.84 1.82 1.80 1.79 1.78 1.78 1.77 1.72

26 1.99 1.95 1.90 1.85 1.82 1.80 1.78 1.77 1.76 1.76 1.75 1.70

27 1.97 1.93 1.88 1.84 1.80 1.79 1.77 1.75 1.75 1.74 1.73 1.68

28 1.96 1.91 1.87 1.82 1.79 1.77 1.75 1.7,4 1.73 1.72 1.71 1.67

29 1.94 1.90 1.85 1.81 1.77 1.75 1.73 1.72 1.71 1.71 1.70 1.65

30 1.93 1.89 1.84 1.79 1,76 1.74 1.72 1.71 1.70 1.69 1.68 1.63

40 1.84 1.79 1.74 1.69 1.66 1.64 1.62 1.60 1.59 1.59 1.58 1.52

50 1.78 1.72 1.68 1.63 1.59 1.57 1.55 1.54 1.53 1.52 1 51 1.45

60 1.75 1.70 1.65 1.59 1.55 1. 1 1.51 1.50 1.49 1.48 1.47 1.40

79 1.72 1.66 1.62 1.56 1.52 1.50 1.48 1.47 1.46 1.45 1.43 1.37

80 1.70 1.64 1.60 1.54 1.50 1.48 1.46 .. 44 1.43 1.42 1.41 1.34

90 1.68 1.62 1.58 1.52 1.49 1.46 1.44 1.43 1.41 1.40 1.39 1.32

100 1.f)7 1.61 1.57 1.51 1.47 1.45 1.43 1.41 1.40 1.39 1.37 1.30

120 1.66 1.61 1.55 1.57 1.45 1 43 1.40 1.39 1.37 1 ,6 1.35 1.28

500 1.59 1.52 1.48 1.41 1.37 1.34 1.32 1.30 1.28 1.27 1.25 1.16

2-29



MTP 3-1-005
1 March 1972

TABU 3-8 continued

PERCEIILES OF THE F DISTRIBUTION

11.975

1 2 3 4 5 6 7 8 9 10 12 15

647.8 799.5 864.2 899.6 921.8 937.1 948.2 956.7 963.3 968.6 976.7 984.9

2 38.51 39.00 39.17 39.25 39.30 39.33 39.36 39.37 39.39 39.40 39.41 39.43

3 17.44 16.04 15.44 15.10 14.88 14.73 14.62 14.54 14.47 14.42 14.34 14.25

4 12.22 10.65 9.98 9.60 9.36 9.20 9.07 8.98 8.90 8.84 8.75 8.66

5 10.01 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.68 6.62 6.52 6.43

6 8.81 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52 5.46 5.37 5.27

7 8.07 6.54 5.89 5.52 5.29 5.12 4.99 4.90 4.82 4.76 4.67 4.57
8 7.57 6.06 5.42 5.05 4.82 4.65 4.53 4.43 4.36 4.30 4.20 4.10

9 7.21 5.71 5.08 4.72 4.48 4.32 4.20 4.10 4.03 3.96 3.87 3.77

10 6.94 5.46 4.83 4.47 4.24 4.07 3.95 3.85 3.7a 3.72 3.62 3.52

11 6.72 5.26 4.63 4.28 4.04 3.88 3.76 3.66 3.59 3.53 3.43 3.33
12 6.55 5.10 4.47 4.12 3.09 3.73 3.61 3.51 3.44 3.37 3.28 3.18

13 6.41 4.97 4.35 4.00 3.77 3.60 3.48 3.39 3.31 3.25 3.15 3.05

14 6.30 4.86 4.24 3.89 3.66 3.50 3.38 3.29 3.21 1.15 3.05 2.95

15 6.20 4.77 4.15 3.80 3.58 3.41 3.29 3.20 3.12 3.06 2.96 2.86

16 6.12 4.69 4.08 3.73 3.50 3.34 3.22 3.12 3.05 2.99 2.89 2.7s,

17 6.04 4.62 4.01 3.66 3.44 3.28 3.16 3.06 2.98 2.92 2.82 2.72

18 5.98 4.56 3.95 3.61 3.38 3.22 3.10 3.01 2.93 2.87 2.77 2.67

19 5.92 4.51 3.90 3.56 3.33 3.17 3.U5 2.96 2.88 2.82 2.72 2.62

20 5.87 4.46 3.86 3.31 3.29 3.13 3.01 2.91 2.84 2.77 2.68 2.57

21 5.83 4.42 3.82 3.48 3.25 3.09 2.97 2.87 2.80 2.73 2.64 2.53
22 5.79 4.38 3.78 3.44 3.22 3.05 2.93 2.84 2.76 2.70 2.60 2.50

23 5.75 4.35 3.75 3.41 3.18 3.02 2.90 2.81 2.73 2.67 2.57 2.47

24 5.72 4.32 3.72 3.38 3.15 2.99 2.87 2.78 2.70 2.64 2.54 2.44

25 5.69 4.29 3.69 3.35 3.13 2.97 2.85 2.75 2.68 2.61 2.51 2.41

26 5.66 4.27 3.67 3.33 3.10 2.94 2.82 2.73 2.65 2.59 2.49 2.39

27 5.63 4.24 3.65 3.31 3.08 2.92 2.80 2.71 2.63 2.57 2.47 2.36

28 5.61 4.22 3.63 3.2? 3.06 2.90 2.78 2.69 2.61 2.55 2.45 2.34

29 5.59 4.20 3.61 3.27 3.04 2.88 2.76 2.67 2.59 2.53 2.43 2.32

30 5.57 4 18 3.59 3.25 3.03 2.87 2.75 2.65 2.57 2.51 2.41 2.31

40 5.42 4.05 3.46 3.13 2.90 2.74 2.62 2.53 2.45 2.39 2.29 2.18

50 5.35 3.99 3.40 3.10 2.85 2.68 2.56 2.46 2.38 2.31 2.21 2.10

60 5.29 3.93 3.34 3.01 2.79 2.63 2.51 2.41 2.33 2.27 2.17 2.06

70 - - - 3.02 2.77 '.t0 2.48 2.38 2.30 2.24 2.13 2.02

80 - - - &.i0 2.75 2.53 2.45 2.36 2.28 2.21 2.11 2.00

90 - - - 2.98 2.73 2.56 2.44 2.34 1.26 2.19 2.09 1.98

100 - - - 2.97 2.72 2.55 2.42 2.32 2.24 .. 18 2.07 1.96

120 - - - 2.94 2.69 2.53 2.40 2.30 2.22 2.16 Z.J5 1.94

500 5.02 3.69 3.12 2.86 2.61 2.44 2.32 2.22 2.14 2.07 1.97 1.1t
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TAKtE b-8 continuod

PIRCZ3ITILES OF THN F DISTRIBUTION

F. 975f 20 25 30 40 51) 'r, 70 go 90 100 120 SOO
993.1 "97.2 1001. 1006. 1008. 1010. 

1014. 1018.

2 39.45 39.46 39.46 39.47 39.48 39.40 
- 39.49 3e.503 14.17 14.12 14.08 14.04 13.00 13.95 

- 13.95 13.904 8.56 8.51 8.46 8.41 8.36 0.31 
8.31 8.165 6.33 6.20 6.23 6.16 6.13 6.07 
6.01 6.01

6 5.17 5.12 5.07 5.01 4.96 4.90 
4.90 4.857 4.47 4.42 4.36 4.31 4.26 4.20 -4.20 

4.14a 4.00 3.95 3.89 3.84 3.79 3.73 -
3.73 3.679 3.67 3.61 3.56 3.51 J.45 3.3Q -
3.39 3.3310 3.42 3.37 3.31 3.26 3.24 3.20 3.21 3.19 3.18 3.18 3.14 3.12

11 3.23 3.17 3.12 3.06 3.05 3.00 3.00 2.99 2.98 2.97 2.94 2.9212 3.07 3.02 2.96 2.91 2.88 2.85 2.84 2.83 2.82 2.81 2.79 2.7513 2.95 2.89 2.84 2.78 2.75 2.72 2.71 2.70 2.69 2.68 2.66 2.6214 2.84 2.79 2.73 2.67 2.64 2.61 2.60 2.59 2.58 2.57 2.55 2.51i1 2.76 2.70 2.64 2.59 2.55 2.52 2.51 2.50 2.49 2.48 2.46 2.42
16 2.68 2.63 2.57 2.51 2.47 2.45 2.43 2.42 2.41 2.40 2.38 2.3417 2.62 2.56 2.50 2. 4 2.41 2.38 2.36 2.35 2.34 2.33 2.32 2.2718 2.56 2.50 2.44 2.38 2.35 2.32 2.30 2.29 2.28 2.27 2.26 2.21'i ") %1 2.4$ 2.39 2.33 2.29 2.27 2.25 2.24 2.23 ý.22 2.20 2.1520 2.46 2.41 2.35 2.29 2.25 2.22 2.20 2.19 2.18 2.17 2.16 2.10
21 2.42 2.37 2.31 2.25 2.21 2.18 2 16 2.15 2.14 2.13 2.11 2.0622 2.39 2.33 2.27 2.21 2.17 2.16 2.12 2.11 2.1n 2.1q 7,not 2 n223 2.36 2.30 2.24 2.18 2.13 2.11 2.09 2.07 2.06 2.05 2.04 1.9824 2.33 2.27 2.21 2.15 2.11 -.08 2.06 2.04 2.03 2.02 2.01 1.9525 2.30 2.24 2.18 2.12 2.08 2.05 2.03 2.01 2.00 1.99 1.98 1.92
26 2.28 2.22 2.16 I.M 2.05 2.03 2.0O 1.99 1.98 1.97 1.95 1.8927 2.25 2.19 2.13 2.07 2.03 2.00 1.98 1.96 1.95 1.94 1.93 1.8728 2.23 2.17 2.11 2.05 2.00 1.98 1.96 1.94 1.93 1.92 1.91 1.8529 2.21 2.15 2.09 2.03 1.98 1.96 1.94 1.92 1.91 1.90 1.89 1.8230 2.20 2.14 2.07 2.01 1 96 1.94 1.92 1.90 1.89 1.88 1.87 1.8040 2.07 2.01 1.94 1.88 1.83 1.80 1.78 1.76 1.75 1.74 1.72 1.6650 1.99 1.92 1.86 1.79 1.75 1.72 1.70 1.68 1.67 1.66 1.63 1.5760 1.40 1.88 1.91 1.74 1.69 1.66 1.64 1.62 1.61 1.59 1.58 1.5070 1.91 1.83 1.77 1.70 1.66 1.62 1.60 1.58 1.57 1.55 1.53 1.4680 1.88 1.80 1.75 1.67 1.63 1.59 1.57 1.55 1.54 1.52 1.50 1.43

90 1.86 1.78 1.73 1.65 1.60 1.57 1.55 1.53 1.51 1.50 1.48 1.40103 1.84 1.77 1.71 1.64 1.59 1.55 1.53 1.51 1.49 1.48 1.46 1.38120 1.82 1.76 1.69 1.61 1.56 1.52 1.50 1.4p 1.46 1.45 1.43 1.34500 1.73 1.65 1.59 1.51 1.46 1.42 1.19 1.37 1.35 1.33 1.31 1.19
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TABLE 11-8 continued

PERCENTILES OF THE F DISTRIIETION

S1 2 3 4 5 6 7 8 9 10 12 15

4052 4999.5 5403 5625 5764 5859 5928 5982 6022 6056 6106 6157

2 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39 99.40 99.42 99.43

3 34.12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27.35 27.23 27.05 26.87

4 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66 14.55 14.37 14.20

5 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16 10.05 9.89 9.72

6 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.72 7.56

7 12.25 9.11) 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.47 6.31

8 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.67 5.52

9 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 5.11 4.96

10 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85 4.71 4.56

11 9.65 7.21 6.22 5.67 5.32 ,.r7 4.89 4.74 4.63 4.54 4.40 4.2>

12 9.33 6.93 5.95 5.41 '.06 4.82 4.64 4.50 4.39 4.30 4.16 4.01

13 9.07 6.iO 5.74 5.21 4.86 4.62 4 .4 4.30 4.19 4.10 3.96 3.42

14 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 3.94 3.80 3.66

15 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.67 3.S2

16 8.53 6.23 5.29 4.77 4.44 4.20 4.03 1.89 3.78 3.69 3.55 3.41

17 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3,46 3.31

18 8.29 6.01 5.09 4.58 4.29, 4.01 3.84 3.71 3.60 3.51 3.37 3.23

19 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 3.43 3.30 3.15

20 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37 3.23 3.09

71 ,A.n7 ..74 4.07 4.17 4.n4 3.R1 3.04 1.51 1.4n 1.11 3.17 1.n1

22 7.95 5.72 4.R2 4.31 3.99 3.76 3.59 3.45 3.35 3.2f 3.12 2.98

23 7.88 5.66 4.76 4.26 3.94 3.71 3.54 3.41 3.30 3.21 3.07 2.93

24 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.03 2.89

25 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 3.22 3.13 2.99 2.85

26 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 2.96 2.81

27 7.68 5.49 4.60 4.11 3.-8 3.56 3.39 3.26 3.15 3.06 2.93 2.78

28 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 2.90 2.75

29 7.6f) 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09 3.00 2.87 2.73

30 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.84 2.70

40 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.66 2.52

50 7.20 5.08 4.37 3.76 3.42 3.19 3.02 2.89 2.78 2.69 2.56 2.41

60 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72 2.63 2.50 2.35

70 - - 3.64 3.30 3.07 2.90 2.77 2.67 2.58 2.44 2.30

80 - - - 3.61 3.27 3.04 2.87 2.74 2.63 2.55 2.41 2.27

90 - - - 3.58 3.24 3.01 2.84 2.71 2.61 2.52 2.38 2.24

- - - 3.55 3.22 2.99 2.82 2:69 2.59 2.50 2.36 2.22

120 6.85 4.79 3.95 3.52 3.19 2.96 2.79 2.66 2.56 2.47 2.33 2.19

50l0 6.63 4.61 3.73 3.40 3.07 2.84 2.67 2.54 2.44 2.35 2.22 2.07
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TA.LE 51-8 Continued
PERCENTIUS OF THE F DISTRIBLtT1ON

, .9920 25 3v 40 s0 60 70 80 90 100 120 500d.1.2 1 6209 6235 I 71 6287 6300 6313 - 6339 63662 99.45 99.46 99.47 99.47 99.48 99.48 - 99.49 99.503 26.69 26.60 26.50 26.41 26.37 26.32 - 26.22 26.134 14.02 13.93 13.84 13.75 13 70 13.65 
6- 13.56 13.4b5 9.55 9.4.7 9.38 9.29 9.25 9.20 - 9.11 9.02

6 7.40 7.31 7.23 7.14 7.10 7.06 - 6.5' 6.887 6.16 6.07 5.99 5.91 5.87 5.82 -
5.7 6 5.858 5.36 5.28 5.20 5.12 5.08 5.03 -- 
4.95 4.869 4.81 4.73 4.65 4.57 4.53 4.48 - " " 4.40 4 '110 4.41 4.33 4.25 4.17 4.16 4.U8 4.10 4.08 4.07 4.06 4.00 L.97

11 4.10 4.02 3.94 3.86 3.84 3.78 3.78 3.77 3.75 3.74 3.69 3.6612 3.86 3.78 3.70 3.62 3.S9 3.S4 3.54 3.52 3.50 3.49 3.'5 3.4113 3.66 3.59 3.51 3.43 3.39 3.34 3.33 3.32 3.30 3.29 3.25 3.2114 3.51 3.43 3.35 3.27 3.23 3.18 1.11 3.15 3.14 3.13 3.09 .,415 3.37 3.29 3.21 3.13 3.09 3.05 3.03 3.02 3.00 2.99 2.96 2.90
16 3.26 3.18 3.10 3.02 2.98 2.93 2.92 2.90 2.88 2.87 2.84 2.7917 3.16 3.08 3.00 2.92 2.88 2.83 2.82 2.80 2.78 2.;7 2.'5 2.6918 3.08 3.00 2.92 2.84 2.79 2.75 2.73 2.71 2.70 2.69 2.66 2.6019 3.00 2.92 2.84 2.76 2.71 2.67 2.65 2.64 7.62 2.61 2.58 2.5220 2.94 2.86 2.78 2.69 2.65 2.6] 2.59 2.57 2.55 2.54 2.52 2.45
21 2.88 2.80 2.72 2.64 2.59 2.55 2.53 2.51 2.49 2.48 2.46 2.3922 2.83 2.75 2.67 2.58 2.53 2.50 2.47 2.45 2.44 2.4; 2.40 2.1323 2.78 2.70 2.62 2.54 ' 49 2..,5 2.42 2.40 2.39 2.38 2.35 2.2824 2.74 2.66 2.58 2.49 2.44 2.40 2.38 2.3#. 2.14 2.33 2.31 2.2425 2.70 2.62 2.54 2.45 2.40 2.36 2.34 2.32 2.30 2.29 2.117 2.20
26 2.66 2.59 2.50 2.42 2.37 2.33 2.30 2.28 2.27 2.25 2.23 2.1627 2.63 2.55 2.47 2.38 .7.33 2.29 2.27 2.25 2.23 2.22 2.20 2.1228 2.60 2.52 2.44 2.35 2.30 2.26 2.24 2.23 2.20 2.19 2.17 2.0929 2.57 2.49 2.41 2.33 2.27 2.23 2.21 2.19 2.17 2.16 2.14 2.0630 2.55 2.47 2.39 2.30 2.25 2.21 2.18 2.16 2.15 '.13 2.11 2.03

40 2.37 2.27 2.20 2.11 2.06 2.02 1.99 1.97 1.95 1.94 1.92 1.8350 2.26 ý.16 2.10 2.01 1.95 1.91 1.88 1.86 1.84 1.83 1.80 1.7160 2.20 2.10 2.03 1.94 1.88 1.84 1.81 1.7? 1.76 1.75 1.73 1.6370 2.15 2.05 1.V8 1.89 1.83 1.78 1,75 1.73 1.71 1.70 1.67 1.5780 2.11 2.01 1.94 1.85 1.79 1.75 1.71 1.69 1.67 1.65 1.61 1.53
10 2.08 1.99 1.92 1.82 1.76 1.72 1.68 1.66 1.b. 1.62 I 0.4Q100 2.06 1.97 1.85 1.80 1.74 2.69 1.66 1.63 1.61 1.60 1.5.120 2.03 1.93 1.86 1.76 1.70 1.66 1.62 1.6,, 1.58 1.56 1.68 1..2500 1.91 1.81 1.74 1.63 1.57 1.52 i. ,L 1.45 1.43 1.41 1.38 1.23
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NOTE: The tables for F. 8 0 and F. 8 5 were generated using the

formula F W e 2w where:

Z2

a - 3A= 6

h -2f(d"f d'f'2-f+l•l)

The approximation is accurate enough for practical uses

when d.f., and d.f. 2 ?.10. However, the formula has been

used for d.f., < 10 and d.f. 2 < 10 for F. 8 0 a.id F. 8 5 because

no tables were available.

Values other than the ones found in the standard F tables

were also supplied using the above formula where possible and

if not possible, dashes were left, e.g., F.9 0, (80, 2) -

In the event of a dash occurring, use the smaller d.f. which

appears in the table for computation purposes; e.g., use

F'90, (60, 2) = 9.47 for F. 9 0, (80, 2).
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F4CTORl MIN CIVIII'7T10r0 T-030FI C00P'IDMP LDIENTS P7

8*.00 * 8 . .1 not

"L__ _ BIL at._ at13

3 7.4 . 309 8".3it .29t 1144. 4 .40

449 .4s83 10.70 '83 33.2 .1291

)AS)18 .5.78 1.41-9 .445) 13.90% .384Z

4 2.567 '.%SOO 1.0-2 1.48s 6.4134 .4238

0 2.248 .III" ).17:1 .5162 5.065 -4024

8 2.002 .614) 2.64.03 .328 .470..

1 .916 .6344 7.ý41S .%W0 3.Ssl -SW6

* .20 .&M3 2.111 .'D3 3.197 .0389

9 3.74 .8957 2.1. 7, A .29 3.99 .

30 13.649 .714 2.090 .6125 2. 489 .0

it 1 618 .3.96 1. "o .*248 1.0( s 09W3

12 1.099 .49 1.90" .6154 2.7 .073

13 3.564 . *044 1.80i .443* 2.21" S1145

16 1.5m '8 1.401 .6414 21210 0942

is 1.009 . 7.40 1,708 .9.432 1.1%9 .60321

39 3.499 .38 3.2 46 2.073 .9311

1 .9 .7)71 1.4*8 .6'81 2.7717 .4393

Is 1.844 , ) '47 .89 .98.0 1,9416 .92".

i9 3.432 .74 3.2 9. 390 .33

232 3.437 .13 .39 .98 .89 .09,9

22 ).)*1 .7627 1.09 w 7374 1.820 .8014

231 1'3*W .7-49 "So.0 '112 1.793 .6%4*

24 3 .70e .77704 3.003 7369 3.?*0 ."I19

21 ,37 .7747 3.037 .7.112 3.7.3 .8998

29 3.03'7ll,.04 .7.-03 .3 ,

29 .13 I >79.49 1.479 7317 3.679 .6w0

U3 1.3164 '9 1.44, 3 .2 43

02 1. "9 74 1.41?' ..4, 3.615 .90

3)3 1ý 1.10 79 1-211 49 ..401 .999

3.4 3.29 l 801 3OS .427 '029 3,0 .7020

30 1.291 .8373 1.1ki '01 .%14 .7"02

19 1.294 .8374 1.4n, 7W8 1.0644 7

3V 3.201 97774 .70 19 w77 7.0 '141

is I .27, m81n* 3 . 3I., 7. I I,) .U03 .,;414

419 1.272 .0124 1.18 ?.So 1,73.02 .138'

40 1.260 .4144 1.17 ]All l'0ie-0''

4.2 1,26M .91044 1,34 .''2 1.5070, .

41 1.217 .11:02 3.040 1-.8 340 77

44 IASI .22 37 .0.7 '799s 7.490 .'

40 1.244 .A217 1 749 yj9 ,22 .n2

.4 .240, 10 7. 71.05 79 .471 74

17 1.243 .92499 7 .7 .. 2 3.4 .7394

49 3.240 .9230 333' '94' . '3w

4' I.27 a Will0 7.7 Ill 3.", .7.0.

'o4 lu 4.1 1*7.3
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TAULZ 6-9 cmwýtmd

FACTORS "OI C~gPVTTN1 JOW-SID= COFOmICKE LIMITS PW

0.8r.. . o.05 •..01 .. .001
of ______I-- • £, 3. 5
d.f. L & SL

51 1.232 .IM29 1. 323 .76 1.4'3 .7446

52 1.229 .Sm) 1.319 .79416 1.437 .7444

11 1.276 .c354 1.315 .7912 1.432 .7182

54 1.22A .8170 1.111 .7949 1.426 .7503

55 1.221 .8AI 1.308 .7944 1.421 .7521

56 1.219 .8395 1.104 .7979 1.416 .7519

57 1.217 .8408 1.301 .7994 1.411 .7556

58 1.216 .A420 1.2"8 .8006 1.406 .7573

59 1.212 .84)1 1.295 .8022 1.402 .7589

60 1.210 .9443 1.292 .801. 1.397 .7405

61 1.206 .9454 1.289 .8050 2.395 .7621

62 •.206 .4645 !.284 .8064 1.)89 .7636

63 1.204 .8475 2.263 .8076 2.385 .7651

4 1.202 .84" 1.280 .804s 1.381 .7644

65 1.200 .P4% 1.277 .AI0O 1.377 .760

48 1."lAs o504 1.275 .8113 1.374 .7694

47 1.197 .8512 I.Z72 .8125 2.370 .7708

48 1.295 .8525 1.270 .81)7 2.344 .7722

69 1.194 .8535 1.268 .8148 1.363 .7135

70 1.192" .8544 1.265 .S259 1.360 .7749

71 1.120 .8553 1.263 .8170 I.356 .7761

72 1.189 .8562 7.261 .4181 1.353 .7774

73 1.187 .a5s! 1.259 .6192 2.350 .7787

74 1.186 .656.3 1.257 .8202 1.347 .7799

75 1.18 .8588 1.255 .8212 17.44 .7811

76 1.188 .8594 1.253 .8222 1.341 .7822

77 1.182 .84A4 1.251 .8232 1.3 38 .7834

79 1.181 .8412 1.249 .8242 1.)34 .7845

79 1.179 .8620 1.247 .8252 1.313 .7856

80 1.178 .8627 1.245 .8261 1.330 .7848

81 1.176 .9415 1.243 .8270 1.328 .7879

82 1.176 .86 1 1.211 .8279 1.325 .7989

83 I.2,4 .8450 1.219 .8288 1.323 .78-9

84 1.173 .8657 1.238 .8.97 -. 320 .7"90

85 1.172 .8644 1.2.% .A305 1.318 .7920

86 1.171 .871 1.235 .8312 l.3ih .7910

87 1.17n .8678 1.211 .8122 .221 .7.91

88 2.248 .864 2.22 .,3I 2.t11 .7949

89 1.147 .l942 : .30 .9238 ) . 9 .7954

90 1.146 .A697 1.228 .8)46 1.102 .79fA

21 1.125 .m7n4 1.227 .8154 1.105 .797'

92 1.I44 .871 1.22' .8162 1.032 79s"

9) 2.141 R9716 2.227 .8370 2.301 79

94 1.162 .8722 1.?.2 .9377 7.298 .8004

95 2.161 .729 1.2221 .8385 1.-97 .8011

.6 1.760 .47)4 1.229 .8!92 .24' .402 ./

97 1.159 .6741 1.218 .8199 1.291 .9201

98 I.254 .. 746 1.217 .84.0 1.291 .8020

09 1.2%R 0777 1.216 .8422 1.2n0A47

IOn 1,07 ,A7s7 l.:14 .40 i.28P .8055
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TABLE B-10

FACTORS FOR COMPUTING ONE-SIDED CONFIDENCE LIMITS FOR a

Degrees of A. 0 5  A. 9 5  A 025 A. 9 7 5  A. 0 1  A.9 9  A. 0 0 5  A. 9 9 5
Freedom

d.f.

1 .5103 15.947 .4461 31.910 .3882 79.786 .3562 159.576

2 .5778 4.415 .5207 6.285 .4660 9.975 .4344 14.124

3 .6196 2.920 .5665 3.729 .5142 5.111 .4834 6.467

4 .6493 2.372 .5992 2.84 .5489 3.669 .5188 4.396

5 .6721 2.089 .6242 2.453 .5757 3.003 .5464 3.485

6 .6903 1.915 .6444 2.202 .5974 2.623 .5688 2.980

7 .7054 1.797 .6612 2.035 .6155 2.377 .5875 2.660

8 .7183 1.711 .6754 1.916 .6310 2.204 .6037 2.439

9 .7293 1.645 .6878 1.826 .6445 2.076 .6177 2.278

10 .7391 1.593 .6987 1.755 .6564 1.977 .6301 2.154

11 .7477 1.551 .7084 1.698 .6670 1.898 .6412 2.056

12 .7554 1.515 .7171 1.651 .6765 1.833 .6512 1.976

13 .7624 1.485 .7250 1.611 .6852 1.779 .6603 1.909

14 .7688 1.460 .7321 1.577 .6931 1.733 .6686 1.854

15 .7747 1.437 .7387 1.548 .7004 i 694 .6762 1.806

20 .7979 1.358 .7650 1.44 .7297 1.556 .7071 1.640

25 .8149 1.308 .7843 1.380 .7511 1.473 .7299 1.542

30 .8279 1.274 .7991 1.337 .7678 1.416 .7477 1.475

40 .8470 1.228 .8210 1.279 .7925 1.343 .7740 1.390

50 .8606 1.199 .8367 1.243 .8103 1.297 .7931 1.337

60 .8710 1.179 .8487 1.217 .8239 1.265 .8078 1.299

70 .8793 1.163 .8583 1.198 .8349 1.241 .8196 1.272

80 .8861 1.151 .8662 1.183 .8439 1.222 .8293 1.250

90 .8919 1.141 .8728 1.171 .8515 1.207 .8376 1.233

100 .8968 1.138 .8785 1.161 .8581 1.195 .8446 1.219

For large degrees of freedom, we may use the approximate formula:
A I _C ý^/-dT ./ (Z C +J/2(~fT--I)

where Z is found in Table B-4, page 2-4.

2-37



/

MTP 3-1-005 -
1 March 1972

TABLE B-11

s < ao (PE < TO)

a - .001 a - .001 a - .01 a = .01 a a .05 a - .05 a = .10

y 8 = .05 8 - .10 B - .05 8 - .10 8 - .05 a - .10 8 - .10

1 8 8 5 5 3 3

2 11 10 7 7 5 4 3

.3 15 14 10 9 6 6 4

.4 21 20 14 13 9 8 6

.5 32 29 21 19 14 12 9

.6 53 48 36 31 23 20 15

.7 101 90 69 59 45 37 28

.8 244 213 167 142 1il 91 68

.9 1046 902 726 607 490 393 298
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1 March 1972

TABLE B-11 continued

s > oO (PE > TO)

S- .OI o = .001 a .01 a - .01 -" .05 a - .05 a - .10S0 - .05 8 - .10 8 - .05 8 - .10 8 - .05 8 - .10 a - .10

1.1 1202 1014 857 699 598 468 364

1.2 322 269 233 188 165 128 101

1.3 153 127 112 90 81 62 50

1.4 92 76 68 55 50 38 31

1.5 63 52 47 38 35 27 22

1.6 47 38 36 28 27 20 17
1.7 37 30 28 22 22 16 14

1.8 30 24 23 18 18 14 12

1.9 25 20 20 15 16 12 10

2.0 22 17 17 13 14 10 9

2.1 19 15 15 12 12 9 8

2.2 17 14 14 11 11 8 7

2.3 15 12 13 10 10 8 7

2.4 14 11 12 9 9 7 6

2.5 13 10 11 8 9 7 6

2.6 12 10 10 8 8 6 6

2.7 11 9 9 7 8 6 5
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1 March 1972

TABLE B-lI continued

s > ao (PE > TO)

a = .001 a = .001 a - .01 a = .01 a - .05 a - .05 a - .10
y 8 - .05 8 = .10 8 = .05 8 - .10 a - .05 a - .10 a = .10

2.8 11 8 9 7 8 6 5

2.9 10 8 8 7 7 5 5
3.0 10 8 8 6 7 5 5
3.1 9 7 8 6 7 5 5
3.2 9 7 7 6 6 5 4
3.3 8 7 7 6 6 5 4
3.4 8 6 7 5 6 5 4
3.5 8 6 7 5 6 5 4
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MTP 3-1-005
1 March 1972

TABLE B-12

DETERMINAT T ON OF SAMPLE SIZE

(sA and SB)

sA < sB

s a - .01 a .Ci a - .05 a - .05 a .10A/SB 6 .05 -= .10 $ - .05 6 - .10 6 = .10

.1 5 5 5 4 4

.2 9 8 7 6 5

.3 13 11 10 8 7

.4 21 18 15 13 10

.5 35 30 25 20 16

.6 63 52 44 35 28

.7 126 105 88 70 54

.8 319 264 220 175 135
.9 1423 1175 978 774 595

sA >sB

1.1 1738 1435 1194 946 726
1.2 477 394 328 260 200

1.3 232 192 160 127 q8
1.4 142 117 98 78 61

1.5 98 82 68 55 42

1.6 74 61 51 41 32

1.7 59 49 41 33 26

1.8 48 40 34 27 22

1.9 41 34 29 23 18
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1 March 1972

TABLE B-12 continued

DETERMINATION OF SAMPLE SIZE

(SA and sB)

sA > SB

Aa - .01 -. 01 a - .01 a a .05 a - .10Sa B a = .05 6 - .10 6 - n5 a " .10 8 - .10

2.0 35 30 25 20 16

2.1 31 26 22 18 14

2-2 28 23 20 16 13

2.3 25 21 18 15 12

2.4 23 19 17 14 11

2.5 21 18 15 13 10
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TABLE B-13

CONFIDENCE LIMITS FOR A PROPORTION (TWO-SIDED)

Upper limits are underlIned. The ohberved proportion in a rando.m sample Is f/N.

902 95% 99% 902 952 99,
_____ n.1 _____n.2____

0 0 .9O0 0 .950 0 .990 0 0 ' 0 .776 0 .9w

-1- - '.316 : .224 1 .100 T

a-3 n -4

0 0 0 0 .632 0 .785- o 0 0 0 .527 0 .644
I .035- .804 .017 .865 .003 ."747 1 .026 .680 .013 .751 .003

2 .196 7T6 .135+ .9W3 .059 .997 2 .143 .857 .098 .902 .042
3 .464 j .368 1 .215-+ 3 f .320 .97•4 .249 7W .141 .9"7

-- -- eC 1 .473 -F " -

n - n- 6

0 0 .379 0 .500 0 .602 0 0 3 0 .402 0 .536
I .021 .62-- .010 C) .C2 .778 1 .017 .542 .009 .598 .002 "
2 .112 .751 .076 . .033 1MZ 2 .093 .667 .063 -7" .327
3 .247 .88 .189 . .106 7 1 .201 7!r .153 .847 .085- ,"3+
S.379 = .343 M .222 .998 4 .333 7907 .271 .937 .173 7TM
5 .621 1 .500 1 .398 1 5 .458 .983 .402 .294 .99

A .655. 1 .598 1 .464 -

n- 7 n -
8

n 0 U& 0 .. L.ZZ 0 r o0 -2'S- 0 o . 0o
1 .0os- .500 .007 .554 .001 .643 i .013 .418 .006 .500 .001 .590

.079 .684 .053 .659 .023 T 2 .069 .582 .046 .685- .020 .T73
1 .170 .721 .129 . .071 .. '.7 .745"' .111 .711 .061

.279 .830 .225+ -ALL .142 .•9j . .240 .760 .193 .807 .121 f
5 .316 .92-1 .341 .947 .236 -,1.2 U .255- 78 53.. .289 7Ir .196 =-

6 .500 j85 .446 .993 .357 .999 .418 .931 .315- .954 .293 .980
7 .684 J- .623 1 .00 1 .582 .9ý7 .500 , .410 .999S.745+ 1 .685- .549 1

n - 9 n - 1 0

o 0 .232 0 .289 0 .402 n 0 .222 0 .267 0" .376
I .012 391 .006 7 .o01 I 1 .010 .352 .005+ =."" .001 .512
2 .061 .515-+ .041 .55A .017 .656 2 .055- .500 .037 .603 .016 .624
S.129 .610 .098 .7;1 .053 . { .116 .648 .)97 .619 .048 .703

.210 _76_8 .169 .7._9 .105+ .829 . .188 .659 .150 .733 .093 72

.232 . .251 . .171 ." 95- S .222 .778 .222 .778 .150 .850

.390 .871 .289 .902 .250 .947 6 .341 .812 .267 .850 .218 .907

.485- .939 .42 .919 .344 . . .352 .884 .381 T .297
S.609 .988 .557 ;# .402 99•9 .500 .94L- .397 .963 .376 T'1
9 .768 1 .711 1 598 1 4 .648 .9"--J .603 .995- .488

- _j .778 4 .73) 1 .624 T"

n* 11 n- 12

n 0 .197 0 .25 0 .359 1 0 .184 0 .236 (1 .321
1 .010 .315+ .005- .30- COl .500 1 .009 .294 .004 .346-- .001 .445+
2 .949 .423 .033 .'IO .U*4 -g91 7 .045 .398 .030 . .013 .5-

m.05- 77' .079 .63-- .0.3 .66, - .096 770 .072 • .039
.19 6"--5 .135. :-- .084 . • .154 .602 .123 -. 63Z .076 6
.197 .698 .200 .;57 .1• 6 .6 .184 .181 Z .121 .

.3112 = .250 Q .194 .:6 .271..729 .236 .764 .173- .825+
7 .315-+ .831 .333 .865- .262 .916 2 .294 .S16 .294 .819 .235- T9

.423 .895+ .369 .921 .340 .9"7 * .398 .g-t .346 .877 .302 .9

1 .577 .9511 .500 .96--7 .4n-7 .986ý 0 .500 7M~ .477 .9 " .321 .961
11 -bt;5- .990 .631 .995. .500 . ý'99 .6027 .955- .550 -. T- .445-+

.803 1 .750 1 .641 1 11 .706 .991 .654 .996 .555- .999
L 1 1 12 .81, 1 .764 -T 1 .679 -

6',.r lu, " .. I -i r. ý it tit i• i.,,1. 2AV,1R7 R! PORT 43691 , WITS 048, by
1 . -r1 . \.0. v:1, 4. 4. .. t, !. 4Q55, 1.•. Ni., rlrdn,,nce T¢st
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MTP 3-1-005
.March 1972

TABLE B-13 continued

CONFIDENCE LIMITS FOR A PROPORTION (TWO-SIDED)

f j 90% 95% 99% f 90% 95% 99%

n - 13 n - 14

0 0 . 0 .225+ 0 .3o2 0 0 .1621 0 .207 0 .286
1 .008 Uk .004 U .COl .A22 1 .007 .261 *.004 .312 .001 .392
2 .042 .379 .028 A .012 .523 2 .039 .3654 .026 .389 .011 .500
3 .088 .47Q .066 .520 .036 . 3 .081 .422 .061 .500 .033 .608
4 .142 .545- .113 .587 .069 . 498 4 .131 .578 .104 .bi, .064 .636
5 .173 .621 .166 .AUfl .il .7272 5 .163 .594 .153 .629 .102 .714

6 .246 .724 .224 JA.4 .159 .787M 6 .224 .645+ .206 .688 .146 .751
7 .276 .75A .260 .Z7k .213 .84j 7 .261 .739 .207 .793 .195- .805+
8 .379 .827 .327 LU34 .273 U.ji 8 .355- .776 .312 .794 .249 .854
9 .455+ .413 .8JU .302 .931 9 .406 .837 .371 .847 .286 .8q8

10 .530 .912 .480 293 .406 b 10 .422 .869 .389 .896 .364 .936

11 .621 .958 .566 .972 .477 .988 11 .578 .919 .500 .939 .392 .967
12 .724 .992 .673 .996 .571 .999 12 .635- .961 .611 .974 .500 .989
13 .827 1 .775- 1 .698 -1 13 .739 .U3 .688 .U6 .608 .999

14 .837 1 .793 1 .714 1

n - 15 n - 16

0 0 .154 0 .191 0 .273 0 0 .147 0 .179 0 .264
1 .007 .247 .003 .302 .001 .373 1 .007 .235 .003 .273 .001 .357
2 .036 .326 .024 .369 .010 .461 2 .034 .305+ .)23 .352 .010 .451
3 .076 .400 .057 .448 .031 .539 3 .071 .381 .053 .429 .029 .525-
4 .122 .500 .097 .552 .059 .627 4 .114 .450 .090 .500 .055+ .579
5 .154 .600 .142 .631 .094 .672 5 .147 .550 .132 .571 .083 .643

6 .205+ .674 .191 .668 .135- .727 6 .189 .619 .178 .648 .125+ .705-
7 .247 .675- .192 .706 .179 .771 7 .235+ .695- .179 .727 .166 .739
8 .325+ .753 .294 .808 .229 .821 8 .299 .701 .272 .728 .212 .788
9 .326 .795- .332 .809 .273 .865 9 .305+ .765- .273 .821 .261 .834

10 .400 .846 .369 .858 .328 .906 10 .381 .811 .352 .822 .295+ .875-

11 .500 .878 .448 .903 .373 .941 11 ;450 .853 .429 .868 .357 =.12
12 .600 .924 .552 .943 .461 .969 12 .550 .886 .500 .9.10 .421 .945-.
13 .674 .964 .631 .976 .539 .990 13 .619 .929 .571 .947 .475+ .971
14 .753 .993 .698 .997 .627 .999 14 .695- .966 .648 .977 .549 .990
15 .846 1 .809 1 .727 1 15 .765- .993 .727 .997 .643 .999

16 .853 1 .821 1 .736 1
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MTP 3-1-005
1 March 1972

TABLE B-13 continued

CONFIDENCE LIMITS FOR A PROPORTION (TWO-SIDED)
S 9 f 9 5% 99 V 90! 95% 992

a - 17 n _ 18

0 0 .140 0 .167 0 .243 0 0 .135- 0 .157 0 .228
1 .006 .225+ .003 .254 .001 .346 1 .006 .216 .003 .242 .001 .318
2 .032 .290 .021 .337 .004 .413 2 .030 .277 .020 .325- .008 .397
3 .067 .364 .050 .417 .027 .500 3 .063 .349 .047 .381 .025+ .4.66
4 .107 .432 .085- .489 .052 .587 4 .101 .419 .080 .444 .049 .534
5 .140 .500 .124 .544 .082 .620 5 .135- .482 .116 .556 .077 .603

6 .175+ .568 .166 .594 .117 .662 6 .163 .536 .156 .619 .110 .682
7 .225+ .636 .167 .663 .155+ .757 7 .216 .584 .157 .625+ .145+ .6..6
8 .277 .710 .253 .746 .197 .758 8 .257 .651 .236 .675+ .184 .72
9 .290 .723 .254 .747 .242 .803 9 .277 .723 .242 .758 .226 .774

10 .364 .775- .337 .633 .243 .845 10 .349 .743 .325- .764 .228 .815

11 .432 .825- .406 .834 .338 .883 11 .416 .784 .375- .843 .314 .855-
12 .500 .860 .456 .876 .380 .918 11 .464 .837 .381 .844 .318 .890
13 .568 .893 .511 .915+ .413 .948 13 .518 .865+ .444 .884 .397 .923
14 .636 .933 .583 .950 .500 .973 14 .581 .899 .556 .920 .466 .951
15 .710 .968 .663 .979 .587 .991 15 .651 .937 .619 .953 .534 .975-

16 .775- .994 .746 .997 .654 .999 16 .723 .970 .675+ .980 .603 .992
17 .860 1 .833 1 .757 1 17 .78. .994 .758 .997 .682 .999

18 .G65+ 1 .843 1 .772 1

n - 19 n -20

0 0 .130 0 .150 0 .32•18 0 0 .126 0 .143 0 .209
1 .006 .209 .003 .232 .001 .305+ 1 .005+ .203 .003 .222 .001 .293

.028 .?65+ .019 .316 .008 .383 2 .027 .255- .018 .294 .008 .375-
3 .059 • 37 .044 .365- .024 .455+ 3 .056 .328 .042 .351 .023 .424
4 .095+ .387 .075+ .426 .046 .515+ 4 .090 .367 .071 .411 .044 .500
5 .130 .440 .110 .500 .073 .564 5 .126 .422 .104 .467 .069 .576

6 .151 .560 .147 .574 .103 .617 6 .141 .500 .140 .533 .098 .601
7 .209 .613 .150 .63-5+ .137 .695- 7 .201 .578 .143 .589 .129 .637
8 .238 .514 .222 .655+ .173 .707 8 .221 .633 .209 .649 .163 .707
9 .265+ .663 .232 .688 .212 .782 9 .255- .642 .222 .706 .200 .726

10 .337 .735- .312 .768 .218 .788 i0 .325 .675+ .293 .707 .209 .791

11 .386 .7C2 .345- .778 .293 .827 11 .358 .745+ .294 .778 .274 .800
12 .387 .791 .365- .850 .305+ .863 12 .367 .779 .351 .791 .293 .837
13 .440 .849 .426 .853 .383 .897 13 .422 .799 .411 .857 .363 .871
14 .560 .870 .500 .890 .436 .927 14 .500 .859 .467 .860 .399 .902
15 .613 .905- .574 .925- .485- .954 15 .578 .874 .533 .896 .L24 .931

16 .663 .941 .635+ .956 .545- .976 JA .633 .910 .589 .929 .,00 . 5).56
17 .735- .972 .684 .981 .617 .992 17 .672 .944 .649 .958 .j76 .977
18 .791 .994 .768 .997 .695- .999 IS .745+ .973 .706 .982 .625+ .992
19 .870 1 .850 1 .782 1 19 .797 .995- .778 .997 .707 .999

20 .874 1 .857 1 .791 1
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MTP 3-1-005
1 March 1972

TABLE B-13 continued

CONFIDENCE LIMITS FCR A PROPORTION (TWO-SIDED)

f 90% 95Z 99% f 90% 95% 99%
n a 21 1. 4n - 22

0 0 .123 0 .137 0 .2_01 0 .116 0 .132 0 .194
1 .005+ .192 .002 .213 .000 .283 8 .005- .182 .002 .205+ .000 .273
2 .026 .245- .017 .277 .007 .347 2 .024 .236 .016 .264 .007 .334
3 .054 .307 .040 .338 .022 .409 3 .051 .289 .038 .326 .021 .396
4 .086 .353 .068 .398 .041 .466 4 .082 .340 .065- .389 .039 .454
5 .121 .407 .099 .455+ .065+ .534 5 .115- .393 .094 .424 .062 .505-
b .130 .458 .132 .506 .092 .591 6 .116 .444 .126 .500 .088 .550
7 .191 .542 .137 .551 .122 .653 7 .181 .500 .132 .576 .116 .604
8 .192 .593 .197 .602 .155- .661 8 .182 .556 .187 .582 .147 .666
9 .245- .647 .213 .b62 .189 .717 9 .236 .607 .205+ .617 .179 .682

.306 .693 .276 .723 .201 .743 10 .289 .660 .260 .674 .194 .727

.307 .694 .277 .724 .257 .799 1 .290 .710 .264 .736 .242 .758
12 .353 .755+ .338 .787 .283 .811 12 .340 .711 .326 .740 .273 .806
13 .407 .808 .398 .803 .339 .85+ 13 .393 .764 .383 .795- .318 .821
14 .458 .809 .449 .863 .347 .878 14 .444 .818 .418 .813 .334 .853
15 .542 .870 .494 .868 .409 .908 15 .500 .819 .424 .868 .396 .884

16 .593 .879 .545- .901 .466 .935- .556 .8844 .500 .874 .450 .912
17 .647 .914 .602 .932 .534 .959 17 .607 .885+ .576 .906 .495+ .938
1 .693 .946 .662 .960 .591 .978 18 .660 .918 .611 .935+ .546 .961
19 .755+ .974 .723 .983 .653 .993 1 .711 .949 .674 .962 .604 .9;t
20 .808 .995 .787 .998 .717 1.000 20 .764 .976 .736 .984 .666 .993

21 .877 1 .863 1 .799 1 21 .818 .935+ .795- .998 .727 1.000
.884 1 .868 1 .806 1

______n - 23 n__ _ ~- 24 ____

0 0 .111 0 .127 0 .187 01 0 .105+ 0 .122 0 .181
1 .005- .174 .002 .198 .000 .265+ 1 .004 .165+ .002 .191 .000 .259
2 .023 .228 .016 .255- .007 .323 2 .022 .221 .015+ .246 .006 .313
3 .049 .274 .037 .317 .020 .386 3 .047 .264 .035- .308 .019 .364
4 .078 .328 .062 .361 .038 .429 4 .075- .317 .059 .347 .036 .416
5 .110 .381 .090 .409 .059 .500 5 .105- .370 .086 .396 .057 .464

6 .111 .431 .120 .457 .081. .571 6 .105+ .423 1115- .443 .080 .536
7 .173 .479 .127 .543 .111 .580 7 .165- .448 .122 .500 .106 .584
A .174 .522 .178 .591 .140 .616 8 .165+ .532 .169 .357 .133 .636
9 .228 .569 .198 .639 .171 .677 9 .221 .553 .191 .604 .163 .638

10 .273' .619 .247 .640 .187 .702 1i .259 .587 .234 .653 .181 .687

11 .274 .672 .255- .683 .229 .735- 11 .264 .630 .246 .661 .216 .720
12 .328 .726 .317 .745+ .265+ .771 12 .317 .683 .308 .692 .257 .743
13 .381 .727 .360 .753 .298 .813 13 .370 .736 .339 .754 .280 .784
14 .431 .772 .361 .802 .323 .829 14 .413 .741 .347 .766 .313 .819
13 .478 .826 .409 .822 .384 .860 15 .447 .779 .396 .809 .362 .837

16 .512 .827 .457 .873 .420 .889 16 .448 .835- .443 .831 .364 .867
17 .569 .889 .543 .880 .429 .916 17 .552 .835+ .500 .S78 .416 .894
18 .619 .890 .591 .910 .500 .941 IS .577 .89- .557 ,685+ .464 =.2o
ic .672 .922 .639 .938 .571 .962 19 .630 .895+ .604 .914 .536 .943
2o .726 .951 .683 .963 .614 .98 o 20 .683 .925+ .653 .941 .584 .964

21 .772 .977 .745+ .984 .677 .993 21 .736 .953 .692 .965+ .636 .981
'? .826 .995+ .802 .998 .735-1.000 22 .779 .978 .754 .985- .687 .99-4
23 .889 1 .873 1 .813 1 23 .835- .9.96 .809 .998 .741 1.000

_124 .895- 1 .878 1 .819 1
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MTP 3-1-005
1 March 1972

TABLZ B-13 continued
CONFIDFNCE LIMITS FOR A PROPORTION (TWO-SIDED)

- 25
f 90% 95% 99% f 90% 95% 99%0 0 .102 0 .118 .1.59 0 .098 0 .114 0 .1701 .0o4 .159 .002 .185+ .000 .246 1 .004 .152 .002 .180 .000 .235-2 .021 .214 .014 .238 .006 .305- 2 .021 .209 .014 .23 .0063 .045- .255: .034 .303 .018 .3T52 3 .043 .247 .032 .283 .017 .3424 .072 .307 .057 .336 .034 .403 4 .069 .299 .054 .325-4 .033 .3935 .101 .362 .082 .384 .054 :5 5 .097 .343 .079 .374 .052 .4426 .102 .390 .110 .431 .077 .500 6 .098 .377 .106 .421 .073 .4877 .158 .432 .118 4 72= .101 .549 7 .151 .419 .114 -8 19.50p .6 .46"5_ .097 .5268 .159 .50..•0 .161 .127 -597 8 .152 .460 .154 .506 .122 .5629 .214 .568 .185+ .569 .155+ .648 9 .209 .540 .180 .542 .149 .60710 .246 .610._J .222 616 .175+ -658 10 .233 .581 .212 .579 .170 .65811 .255- .611 .238 .664 .205+ .695+ 11 .247 .623 .230 .626 .195- .67812 .307 .640 .296 .683 .245,+ .75-4 12 .299 .657 .282 .675- .234 .70213 .360 .693 .317 .704 .246 .755- 13 .342 .658 .283 . .235- .765+14 .389 .74.. .336 .762 .305- a795- 14 .343 .70 .325+ .29815 .390 .754 .384 .778 .342 .825-. 15 .377 .753 .374 .770 .322 .805+16 .432 .786 .431 .815- .352 .845- 16 .419 .767 .421 .788 .342 .83017 .500 .841 .475- .839 .403 .873 17 .460 .79 458 .820 393 .85118 .568 .84_2 .•5- .882' .451 8

9 18 .540 .848 94 .846 .438 .87819 .610 . 898 .569 .890 .500 .923 19 .581 .849 - .886 .474 .90320 .638 .899 .616 .918 .549 .946 20 .623 .9g:)? .5, .894 .513 .92721 .693 .928 .664 .943 .597 .966 21 .657 .903 .626 ?1 .58 .943.745+ .95. + .697 .966 .648 .982 22 .701 .931 .675- . -.6 .607 .96723 .786 .979 .762 .98" .695+ .994 23 .753 .957 .717 .968 .658 .983841 .996 .815- .9-98 .754 1.000 ?4 .791 .979 .770 .986 .702 .99425 .898 I .862 A .825- 1 15 .848 .996 .820 .998 .765+1.000
6 .902 1 .886 1 .83o
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MTrP 3-1-005
1 March 1972

TABLE B-13 continued
CONFIDENCE LIMITS FOR A PROPORTION (TWO-SIDED)
a - 27 n - 28

f 90% 95% 99% f 90% 95% 99%
0 0 .093 0 .110 0 .166 0 0 .090 0 . 10 0 .1621 .004 .146 .002 .175 .000 .225- 1 .004 .140 .002 .170 .000 .218
2 .020 .204 .013 .223 .006 .297 2 .019 .20_1 .013 .217 .005+ .273
3 .042 .239 .031 .270 .017 .332 3 .040 .232 .030 Za5 .016 .323
4 .066 .291 .052 .316 .032 .384 4 .064 .284 .050 .307 .031 .365-
5 .093 .327 .076 .364 .CO .419 5 .089 .312 .073 .357 .048 .408
6 .094 .365+ .101 .415 .070 .461 6 .090 .355- .098 .384 .068 .449
7 .145+ .407 .110 .437 .093 .539 7 .139 .396 .106 .424 .089 .500
8 .146 .447 .148 .500 .117 .581 8 .1.0 .435+ .142 .463 .112 .551
4 .204 .500 .175- .563 .143 .587 9 .197 .473 .170 .537 .137 .592

In .221 .553 .202 .570 .166 .617 10 .208 .527 .192 .576 .162 .635
11 .239 .593 .223 .598 .185- .668 11 .232 .565- .217 .616 .175+ .636
12 .291 .635- .269 .636 .224 .702 12 .284 .604 .258 .619 .214 .677
13 .326 .673 .270 .684 .225- .716 13 .310 .645+ .259 .645+ .218 727
14 .327 .674 .316 .730 .284 .775+ 14 .312 .688 .307 .693 .272 .728
15 .365+ .709 .364 .731 .298 .776 15 .355- .690 .355- .741 .273 .782
16 .407 .761 .402 .777 .332 .815+ 16 .396 .716 .381 .742 .323 .786
17 .447 .779 .430 .798 .383 .834 17 .435+ .768 .384 .783 .364 .825-
18 .500 .796 .437 .825+ .413 .857 18 .473 .792 .4ý4 .808 .365- .838
19 .553 .854 .500 .852 .419 .883 19 .527 .803 .463 .830 .408 .863
2n .593 .855- .563 .890 .461 .907 20 .565- .860 .537 .858 .449 .888
21 .635- .906 .585+ .899 .539 .930 ?1 .604 .861 .576 .894 .500 .911
22 .673 ."7 .636 .924 .581 .950 22 .645- .910 .616 .902 .551 .932
23 .709 .934 .684 .948 .616 .968 23 .688 .911 .643 .927 .592 .952
24 .761 .958 .730 .969 .668 .983 24 .716 .936 .693 .950 .635+ .969
25 .796 .980 .777 .987 .703 .994 23 .768 .960 .741 .970 .677 .984
26 .854 .996 .825+ .998 .775+1.000 26 .799 .981 .783 .987 .727 .995-
27 .907 1 .890 1 .834 1 27 .860 .996 .630 .996 .782 1.000

28 .910 1 .894 1 .839 1

n -29 n - 30
0 0 .087 0 .103 0 .160 0 0 .084 0 .100 0 .152
1 .004 .135- .002 .166 .000 .211 1 .004 .130 .002 .163 .000 .206

.018 .190 .012 .211 .005+ .263 2 .018 .183 .012 .205+ .005+ .256

.039 .225- .029 .231 .015+ .316 3 .037 .219 .028 .244 .015- .310
.062 .279 .049 .299 .030 .354 ' .059 .266 .047 .292 .028 .345-
.086 .3UJ .070 .340 .046 .397 3 .083 .295- .068 .325- .045- .388
.081 .345- .094 .3;i .t+ 5 .41 , .13.. .,U0 .X7? .J. . % .
.134 .385+ .103 -413 .086 .477 7 .129 .376 .100 .403 .0F3 .469S.135-.425 .136 .4'1 .108 .523 s .130 .416 .131 .440 .104 .505+
.189 .463 .166 .500 .132 .562 q .182 .455+ .163 .476 .127 .538in .110 .500 .184 .549 .157 .603 10 .183 .492 .175+ .524 .151 .570
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TABLE 5-13 continued

CONFIDENCE LIMITS FOR A PRO)PORTiON (TWO SIDED)

n -29 N - 30

f 902 952 992 f 90% 95Z 992

11 .225- .537 .211 .587 .165+ .64b 11 .219 .524 .205+ .560 .152 .612
12 .276 .-34 .247 .62 .206 .654 12 .265- .554 .236 .597 .198 .655+
13 .2Q4 .- 5- .251 -W .211 • .266 • .244 fl6 .206
14 .303 7M .299 -.69" .260 7 14 .295- j .292 .675+ .249 &L2
15 .345- .697 .339 .701 .263 .740 15 .. 36 .664 .324 .676 .256 .744

16 .385+ .706 .340 .749 .316 .789 16 .376 . .325- .708 .308 M
17 .4:'-- .724 .374 .753 .346 .794 17 .416 .734 .364 .756 .329 .794
18 .463 .775+ .413 .789 .354 .82j- is .446 . .403 .764 .345- ,80
19 .500 .810 .451 816 .397 .843 19 .476 .7ji .440 M.j9- .388 ,84&
20 .537 .jaj .500 0.84 .438 " 20 .508 .817 .476 .U2j- .430 A1.4

21 .575+ A .549 .UA4 .477 0,J2 21 .545- JU.8 .524 .83L .462 .12U
22 .615- .1ki .587 .19L .523 2a 22 .584 J.ý,j .560 .. 69 .495- V&
23 .655+ .913 .626 .906 .562 .9,a- z3 .624 .521 .597 .90 .531 .17L
24 .697 .914 .660 .9M0 .603 .954 24 .664 .J5 .636 .909 .570 .93L
25 .721 -938 .701 .25.L .646 .970 25 .705+ -UL .675+ .9132 .612 .23.e

26 .775+ .961 .749 .971 .684 .985- '6 .734 .941 .708 .952 .655+ .972
27 .810 .982 .789 .988 .737 .995- 27 .781 .963 .756 .972 .690 .985-
28 .865+ .996 .834 .998 .789 1.000 28 817 .982 .795- .988 .744 .995-
29 .913 1 .897 L .940 1 29 .870 . .837 .998 .794 1.000

3n .916 1 .900 L .848 1
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TABLE 1-14

CONFIDENCE LDIITS FOR A PROPORTION (ONE-SIDED)

If the observed proportion is f/n, enter the table with N and f for an upper
one-sided limit. For a lower one-sided limit, enter the table with N and
N-- f and subtract the table entry from 1.

f 02 192 992 1 f]902 951 992 f 902 1952 992

n 2 n-3 n-4

.684 .776 .90 0 A36 .632 .785- 0 .438 ,527 .648
1 .449 .975- 995- 1 .804 .865- .941 1 .680 .751 .859

2 . 965+ .983 .997 2 .857 .902 .95813 .974 .987 .997

n-5 n 6 n*7

0 .369 .452 I .602 0 .319 .393 .536 0 .280 .348 .482
1 .584 .657 .778 1 .510 .582 .706 1 .453 .521 .643
2 .753 .811 .894 2 .667 .729 .827 2 .596 .659 .764
3 .888 .924 .967 3 .799 .847 .915+ 3 .721 .775- .858
4 .979 .990 .998 4 .907 .937 .973 4 .830 .871 .929

5 .983 .991 .998 5 .921 .947 .977
6 .985+ .993 .999

n -28 n - 6 n-10

n .250 .312 .438 0 .226 .283 .401 0 .206 .259 .369
1 .406 .471 .590 1 .368 .429 .544 1 .337 .394 .504
2 .538 .600 .707 2 .490 .550 .656 2 .450 .507 .612
3 .655+ .711 .802 3 .599 .655+ .750 3 .552 .607 .703
4 .760 .807 .879 4 .699 .749 .829 4 .646 .696 .782
5 .853 .889 .939 5 .790 .831 .895- 5 .733 .778 .850

6 .931 .954 .980 6 .871 .902 .947 6 .812 .850 .907
7 .987 .994 .999 7 .939 .959 .983 7 .884 .913 .952

8 .388 .994 .999 8 .945+ .963 .984

9 .990 .995- .999

n - 1- n - 12 n - 13

0 .189 .238 .342 0 .175- .221 .319 0 .162 .206 .298
1 .310 .364 .470 1 .287 .339 .440 1 .268 .316 .413
2 .415+ .470 .572 2 .386 .438 .537 2 .360 .410 .506
3 .511 .564 .660 3 .475+ .527 .622 3 .444 .495- .588
4 .599 .650 .738 4 .559 .609 .698 4 .523 .573 .661
5 .682 .729 .806 5 .638 .685- .765+ 5 .598 .645+ .727

6 .759 .800 .866 6 .712 .755- .825+ 6 .669 .713 .787
7 .831 .865- .916 7 .781 .819 .879 7 .736 .776 .841
8 .895+ .921 .957 8 .846 .877 .921 8 .799 .834 .889
0 .951 .Q67 .086 9 .904 .928 .961 9 .858 .887 .931

l0 .99n .945+ .999 10 .955- .970 .987 10 .912 .934 .964

11 .991 .996 .999 11 .958 .972 .988

1 - , 12 .992 .996 .999

. - 14 n - 15- 16

0 .152 .193 .80 0 .142 i81 .264 0 .134 .171 .250
1 .2I1 .297 .389 1 .236 .279 .368 1 .222 .264 .349

.'37 .385+ .- 78 2 .317 .363 .453 2 .300 .344 .430
3 .41; .66 .557 3 .393 .440 .529 3 .371 .417 .503
4 .492 .540 .627 4 ,464 .511 .597 4 .439 .484 .569
5 .563 .610 .692 5 .532 .577 .660 5 .504 .548 .630

Reproduced by permission fLom Statistics Manual. YWVORD REPORT 3369, NOTS 948, by
F.L. Crow, F.A. Davis, and M.W. Marfield, 1955, U.S. Naval Ordnance Test Station,
China Lake, California.
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TABLE 5-14 continued

CONFIDENCE LIMITS FOR A PROPORTION (OOE-SIDED)

f 90 295 992 1 f 902 952 992 f 1f9J3 5% 992

n - 14 (continued) n - 15 (continued) a n 16 (continued)

6 .631 .675- .751 6 .596 .640 .718 6 .565+ .609 .68?
7 .695+ .736 .805+ 7 .658 .700 .771 7 .625- .667 .739
8 .757 .794 .854 8 .718 .756 .821 8 .682 .721 .788
9 .815- .847 .898 9 .774 ,809 .865+ 9 .737 .773 .834

10 .869 .896 .936 10 .828 .858 .906 10 .790 .822 .875-

11 .919 .939 .967 11 .878 .903 .941 11 .839 .868 .912
12 .961 .974 .989 12 .924 .943 .969 12 .886 .910 .945-

13 .993 .996 .999 13 .964 .976 .990 13 .929 .947 .971
14 .993 .997 .999 14 .966 .977 .990

15 .993 .997 .999

n - 17 n - 18 n - 19

0 .127 .162 .237 0 .120 .153 .226 0 .114 .14h .215+

1 .210 .250 .332 0 .199 .23P .316 1 .190 .226 .302
2 .284 .326 .410 2 .26 .110 .391 2 .257 .296 .374

3 .352 .396 .480 3 . 34 .J77 .458 3 .319 .359 .439
4 .416 .461 .543 4 .396 .439 .570 4 .378 .419 .498
5 .478 .522 .603 5 .455+ .498 .577 5 .434 .476 .554

6 .537 .580 .658 6 .513 .%54 .631 6 .489 .530 .606
7 .594 .636 .709 7 .567 .608 .681 7 .541 .582 .655+
8 .650 .684 .758 8 .620 .659 .729 8 .592 .632 .702
9 .703 .740 .803 9 .671 .709 .774 9 .642 .680 .746

In .754 .788 .845 10 .721 .756 .816 10 .690 .726 .788

if .803 .834 .883 11 .769 .801 .855- 11 .737 .770 .827

12 .84Q .876 .918 12 .815- .844 .1100 12 .782 .812 .863
13 .893 .915+ .948 13 .85P .884 .623 13 .825- .853 .897
14 .933 .950 .973 14 .894 .920 .951 14 .866 .890 .927

1 .9"8 .979 .991 15 .937 .953 .975- 15 .905- .925- .954

16 .994 .997 .999 16 .970 J .980 .992 16 .941 .956 .976
17 .994 .997 .999 17 .972 .98' .992

1 18 .194 .9*7 .999

n -20 n -'I - 22

0 .109 .139 .206 0 .104 .133 .197 0 .099 .127 .189

1 .181 .216 .289 [ .173 .207 .277 1 .It6 .198 .. 66
! .245- .283 .158 r .. 31. .271 .344 2 .224 .259 .31n
3 .304 .1344 .421 1 .2-1 .329 .404 ) .279 .316 .389

.361 .401 . 478 4 .415k .184 .460 4 .351 .369 .443

.4 .56 .512 5 .397 .37 .512 5 .381 .420 .493
h .467 .509 .583 6 .48 .,7 .561 6 .430 .468 .541

7 .51%8 .61 7 .447 .'16 .608 7 .477 .5:5+ .58'
.567 .h66 .677 8 .544 .581 .633 8 .523 .561 .630
Q .615k .653 . ±1 9 .93 i.629 .695* 9 .5h4 .6o5- .6I72
A ,162 .f98 .'1 1) .6 4 .h72.' .731 It .611 .6. . ,2

11 .707 .741 .400 II "419 .714 .774 II .65- .6•s .750
12 .7S] .7H3 R 17 12 .. ' .7+ .81 12 .3+ 71 .7Sf,
1H .791 .823 .1 q7 11.4+ 11 ., .747 .821

'9.34 son0 .9021 1? .80 HQ1 S7 -s I 7%. P0 .853

V .91) .QQ(, .1 3 15 .84. .869 (ins 15 .81) m. r) .884

Q2') Q' 1 .4,04 0117 V4'- 16 If 7 .912
q4 ,8 077 17 Q91 q 3.1' q)5q ;7 4185 4 01 .919

I' .117 .1 2 QQ 8 Q9. .6 .7A 11, "13 .5+ .961

qs q72-519
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TABLE B-14 continued

CONFIDENCE LIMITS FOR A PROPORTION (ONE-SIDED)

f 902 952 99% Z.90% 95% 992 9 102 5 9

n - 23 n - 24 n - 25

0 .Oq5+ .122 .181 0 1Oql 117 .175- 0 .088 .113 .168

1 .159 .190 .256 1 .153 183 .246 1 .147 .176 .237
2 .215+ .24Q .318 2 .207 240 .307 2 .199 .231 .296
3 .268 .304 .374 3 .258 292 .361 3 .248 .282 .349
4 .318 .355- .427 4 .306 342 .412 4 .295- .330 .398
5 .366 .404 .476 5 .352 389 .460 5 .340 .375+ .444

6 .413 .451 .522 6 .3q8 .35- .505- 6 .383 .420 .488
7 .459 .496 .567 7 .442 479 .548 7 .426 .462 .531
8 .503 .540 .609 8 .484 521 .590 8 .467 .504 .571
Q .546 .58 .650 9 .526 563 .630 9 .508 .544 .610

10 .589 .625- .689 10 .567 .603 .668 10 .548 .583 .648

I1 .630 .665- .727 11 .608 .642 .705- 11 .587 .621 .684
12 .67n .704 .763 12 .647 .681 .740 12 .625- .659 .719
Ii .710 .742 .797 13 .685+ .718 .774 13 .662 .695- .752
14 .748 .778 .829 14 .723 .754 .806 14 .699 .730 .784
15 .786 .814 .860 15 .759 .788 .837 15 .735- .764 .815+

16 .22 .848 .889 16 .795+ .822 .867 16 .770 .798 .845+
17 .857 .880 .916 17 .8 .8 .854 .8%4 17 .804 .830 .873
18 .890 .910 .941 18 .863 .885+ .920 18 .837 .861 .89Q
11) .922 .918 .962 lq .895+ .914 .943 19 .869 .890 .923
20 Q.51 .963 .980 20 .925+ .941 .964 20 .899 .918 .946

21 .977 .984 .993 21 .953 .965+ .98! 21 .928 .943 .966
22 .995+ .998 1.000 22 .978 .985- .994 22 .955+ .966 .982

23 .996 .998 1.000 23 .979 .986 .994

S24 .9%6 .998 1.000

n = 26 n - 27 n - 28

0 .085- .109 .162 0 .082 .105+ .157 0 .079 .101 .152
1 .142 .170 .229 1 .137 .1b4 .222 1 .132 .159 .215-
2 .192 223 .286 2 .185+ .215+ .277 2 .179 .208 .268
3 .239 .272 .337 3 .231 .263 .326 3 .223 .254 .316
4 .284 .318 .385- 4 .275- .308 .373 4 .265+ .298 .361
5 .328 .3U3 .430 5 .317 .351 .417 5 .306 .339 .404

6 .370 .405+ .473 6 .358 .392 .458 6 .346 .380 .445-
7 .411 .447 .514 7 .397 .432 .498 7 .385- .419 .484
8 .451 .487 .554 8 .436 .471 .537 8 .422 .457 .521
9 .401 .526 .592 9 .475- .509 .574 9 .459 .494 .558

10 .529 .564 .628 10 .512 .547 .610 10 .496 .530 .593

11 .567 .602 .664 11 .549 .583 .645+ 11 .532 .565+ .627
12 .604 .638 .698 12 .58S- .618 .679 12 .567 .600 .660
13 .641 .673 .731 13 .620 .653 .711 13 .601 .634 .692
14 .676 .708 .763 14 .655+ .687 .743 14 .635+ .667 .723
15 .711 .742 .794 15 .689 .720 .773 15 .669 .699 .753

16 .746 .774 .823 16 .723 .752 .802 16 .701 .731 .782
17 .779 .A06 .851 17 .756 .783 R31 17 .733 .762 .810
18 .812 .837 .878 18 .788 .814 .857 18 .765- .792 .837
19 .843 .866 .qn3 19 .81JI .843 .883 19 .796 .821 .863
20 .874 .894 .927 20 .849 .871 .907 20 .826 .849 .888

21 .Q03 .921 .148 21 .879 .899 .930 21 .855+ .876 .911
22 .P31 .94S .%67 22 .90-i .924 .950 22 .883 .902 .932
23 .957 .968 .983 23 .934 .948 .968 23 .911 .927 .952

.979 .986 .494 24 .958 .969 .983 24 .936 .950 .969
996 .998 1.000 25 .98) .987 .994 25 .960 .970 .98/.

26 .996 .998 1.000 26 .981 .987 .995-S27 .996 .998 1.000
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TABLE B-14 continued

CONFIDENCE LIMITS FOR A PROPORTION (ONE-SIDED)

f 90% T95% T 99% f 90% 95% 2 99

n a 23 n - 30

0 .076 .098 .147 0 .074 .095+ .142
1 .128 .153 .208 1 .124 .149 .202
2 .173 .202 .260 2 .168 .195+ .252
3 .216 .246 .307 3 .209 .239 .298
4 .257 .288 .350 4 .249 .280 .340
5 .297 .329 .392 5 .287 .319 .381

6 .335- .368 .432 6 .325- .357 .420
7 .372 .406 .470 7 .361 .394 .457
8 .409 .443 .507 8 .397 .430 .493
9 .445+ .479 .542 9 .432 .465+ .527

10 .481 .514 .577 10 .466 .499 .561

11 .515+ .549 .610 11 .500 .533 .594
12 .550 .583 .643 12 .533 j.66 .626
13 .583 .616 .674 13 .566 .598 .657
14 .616 .648 .705- 14 .599 .630 .687
15 .649 .680 .734 15 .630 .661 .716

16 .681 .711 .763 16 .662 .692 .744
17 .712 .741 .791 17 .692 .721 .772
18 .743 .771 .818 18 .723 .750 .799
19 .774 .800 .843 19 .752 .779 .824
20 .803 .828 .868 20 .782 .807 .849

21 .832 .855- .892 21 .810 .834 .873
22 .860 .881 .914 22 .838 .860 .896
23 .888 .906 .935- 23 .865+ .885+ .917
24 .914 .930 .954 24 .891 .909 .937
25 .938 .951 .970 25 .917 .932 .955+

26 .961 .971 .985- 26 .941 .953 .972
27 .982 .988 .995- 27 .963 .972 .985+
28 .996 .998 1.000 28 .982 .988 .995-

29 .996 J .998 1.000

/
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TABLE B-15

TABLE OF ARC SINE TRANSFORMATION FOR PROPORTIONS

6 - 2 arc sin '-

P P e P 8 P e

.00 .00 .25 1.05 .50 1.57 .75 2.09

.01 .20 .26 1.07 .51 1.59 .76 2.12

.02 .28 .27 1.09 .52 1.61 .77 2.14

.03 .35 .28 1.12 .53 1.63 .78 2.17

.04 .40 .29 1.14 .54 1.65 .79 2.19

.05 .45 .30 1.16 .55 1.67 .80 2.21

.06 .49 .31 1.18 .56 1.69 .81 2.24

.07 .54 .32 1.20 .57 1.71 .82 2.27

.08 .57 .33 1.22 .58 1.73 .83 2.29

.09 .61 .34 1.25 .59 1.75 .84 2.32

.10 .64 .35 1.27 .60 1.77 .85 2.35

.11 .68 .36 1.29 .61 1.79 .86 2.37

.12 .71 .37 1.31 .62 1.81 .87 2.40

.13 .74 .38 1.33 .63 1.83 .88 2.43

.14 .77 .39 1.35 .64 1.85 .89 2.47

.15 .80 .40 1.37 .65 1.88 .90 2.50

.16 .82 .41 1.39 .66 1.90 .91 2.53

.•7 .85 .42 1.41 .67 1.92 .92 2.57

.18 .88 .43 1.43 .68 1.94 .93 2.61

.19 .90 .44 1.45 .69 1.96 .94 2.65

.20 .93 .45 1.47 .70 1.98 .95 2.69

.21 .95 .46 1.49 .71 2.00 .96 2.74

.22 .98 .47 1.51 .72 2.03 .97 2.79

.23 1.00 .48 1.53 .73 2.05 .98 2.86

.24 1.02 .49 1.55 .74 2.07 .99 2.94
1.00 3.14
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TABLE B-16

TABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES WITH UNEQUAL SAMPLES

Table B-16 shows (1) for given a,, n1, and n2 , the value of a2, as the whole digit (e.g.. for aIo - 5,

n* - 5, n2 - 4, a2 = 1) which is just significant nt the probability level quoted In earentheses for 4

two-sided test and without parentheses for a one-sided test, (2) in small type, for a given nl, n' .nd

a, 4 a 2 , the exact probability (if there Is independence) that a 2 is equal to or less than the Integer
shown in bold type.

Significance Level Significance La.v.n .

S(0.10) (O.VS (.o.C2) (,.O) (. (0.10) Mo.115) (0.02) (0.01)

n, =3, n2 =3 3 0.50 -- n=8 n2  =8 8 4.'u• 3.u2 o.UO. 2.,,7-
2 .020 2.020 0. U'5 0,:

n =4 n =4 4 0.014 0.014 6 1.0i0 1.020 0.003
5 0.013 0.01? -

3 4 0.029 - 4 0.031 -
nl =5 n2 =S 5 1.024 1.029 0.004 0.004 7 8 3.226 2.007 2.007 1.70

4 0.024 0.024 - - 7 2.035- 1.009 1.009 0.00c
6 1.032 0.006 0.006

4 5 1.048 0.008 0.008 S 0.01 0.o19 -

4 0.040
6 8 2.0!5- 2.015- 1.003 1.003

3 3 0.018 0.018 - 7 i.01c 1.o c 0.cc' 0.00.
6 0.009 0.009 0.009

2 5 0.048 - - S 0.729

ni =6 n2 =6 6 2.030 1.008 , 1.008 0.001 S 8 3.75- 1.-07 1.007 0.&%
5 1.040 0.008 0.008 - 7 1.032 0.005- 0.305- 0.0.2-

"0.030 - - - 6 0.C1 0. -,1 t.
5 0.0 Lk'

5 6 1.015+ 1.015+ 0.002 0.002

5 0.013 0.013 - - 18 1.018 0.c0 0. 02

4 .045+ - - - 0.010+ 0.1!-÷
6 0.C n0o

4 6 1.033 0.005- 0.005- 0.005-
5 0.024 0.024 - - 8 0.006 0.005 0.700" -

7 0.24 0.C24 -

3 6 0.012 0.012
5 0.045 - 2 8 0.022 ,022 -

2 6 0.036 -n =9 n2 :9 9 5.041 4.015- 3.005- 3.075-
S 3.25- 3.0 . .

nl =7 n2  7 7 3.035- 2.010+ 1.002 1.002 7 2.028 1.w .

6 1.015- 1.015- 0.002 0.002 6 1.025- 1.025 0.c0 0.C-
S 0.olu+ 0.010+ 5 0.015- 0.o15-

4 0.035- -4 0.0C1 - -

6 7 2.021 2.021 1.005- 1.005- S 9 4.0:9 3.009 3.0u 2.C2

6 1.025+ 0.004 0.004 0.004 S 3.013 2.013 1.C0.3 1,02

5 0.016 0.016 -7 2.0C9 1.212 0.002 0. c2.

4 0.049 - - - 6 .036 0.007 0.0C.7 -

5 0.c?0 0.020 0 --

5 7 2.045+ i.010+ 0.001 0.001

6 1.045+ 0.008 0.008 7 o 3.019 S.c:C 2_C5- -

5 0.027 - - - S 2.02 2.o1 ]2.4 : 0.:'
7 1.o: 1.c20 0.7:2 0.V'o3

4 7 1.029 1.029 0.002 0.002 6 0.0:C 0.270-

.015+ .015+ - -,.02 -

5 0.45+ - -
6 0 2.0u' 2,.:1 1.o:: ].>,'

3 7 0.008 0.008 0.0o S 2..-: 1.:£: 0.::: 0.
6 0 .0,33 7- 1. < lT 0 .

2 7 .0296 - 5 0.,.: -

Adapted from a table of the ,nme forn with probabilities to - decinals prepared In the SFatixtica;

Y'ngfncerng 1 L.'boratorv, National Blureau of Standards, 1y Anna 1. Clinski an, John Van '),W;e fror tzables

of the l)ypergroetric Probability Distribution by Gerald .7. Lfeborman and Dena!d .R. owen. 7TInnical

Report No. SO (cf'ntract Noer-225(53) (NR O1,2-002). app) led ,M30haatteC. and ltatistiC. icbcrater:,

Stanford 'niver,•.It , Stuitford. California.

Reproduced From
2-55 Best Available Copy
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TABLE B-16 continued

TABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES
Significance Level Significance Level

o.C5 0.025 0.01 0.005 0.05 0.025 0.01 0o.O5

aI (0.10) (0.05) (0.02) (0.010 al (0.10) (0.05) (0.02) (0.01)

ni-9 n2=5 9 2.027 1,005- 1.005- 1.005- n'.lO n2z" 10 1.011 1.011 0.0cl 0.001

8 1.023 1.023 0.003 0.003 9 1.041 0.005- 0.005- 0.005-
7 0.010+ 0.010+ - - 8 0.015- 0.015- - -

6 0.028 - - - 7 0.03S- - - -

4 9 1.014 1,014 0.001 0.0%3 I3 1 1.038 0.003 0.003 0.0C3

8 0.007 0.007 0.007 - j 0.T1. .O.C1 -

7 0.021 0.021 - 8 0-135 - -

6 0.049 - -
2 1i 0.215+ 0.015+ -

3 9 '.045+ 0.005- 0.005- .005- 9 0.0'.5. - - -

8 J.018 0,018
7 0.045+

nf=l! n21ll 11 7.04+ 6-.018 5.0H6 4.002

2 9 0.018 0.018 10 5.032 4.0!2 3.004 3.00'.
- - 4.04O0 3.015- 2.004 2.004

nl10 n,=10 10 6.043 5.016 4.015+ 3.0m2 8 3.043 2.015- 1.004 1.0Q.

9 4.029 3.010- 3.)10- 2.001 7 2.340 1.012 0.002 0.002

8 3.035- 2.012 1.003 1.303 6 1.032 0.006 0.006
7 2.025- 1.010- 1.011- 0.002 5 0.018 0.018 -

6 1.029 0.005+ 0.005+ - 4 0,045, - -

5 0.016 0.016 -

4 0.043 - - 10 11 6.035+ 5.012 4.004 4.00'.
10 4.021 4.021 3.007 2.002

9 0 5.033 4.011 3.003 3.003 9 3.02' 3.024 2.007 1.W02

9 1.050- 3.017 2.005- 2.:05- 8 2.023 2.023 1.1)6 0.001

8 2.013 2.119 1.|.C4 1.30- 7 1.017 1.017 0,303 0.003
7 I.115- 1.002 0.00a 0 2 6 1.043 0.009 0.009 -
6 1.040 0.005 0.008 5 0.023 0.023 - -
5 0.022 0.022 -

3 11 5.026 4.003 4.003 3.002
8 10 4.023 4.023 3.0 2 00 4.038 3.012 2.003 2.003

9 3.032 2.309 2.3 _ -3 3.040 2.012 1.003 1.)e3
8 2.031 1.008 1.22 0o.21 8 2.035- 1.009 0.009 0.0-
7 1.123 1.023 0.0 0. 1.025- 1.325- 0.004 0.u04
6 0.111 0 .1 - 6 0.312 0.012
5 0.029 m? 0.030 -

7 10 3.)15- 3.1%- 2.1-, 2."3 8 ]n 4.013 4.0I9 3-.20- 3.225-
9 2.018 2.314 I.22C I.321 10 3.02. 3.024 2.024 I-.2
8 1.013 1.013 0.-0. 0.0"2 9 2.023 2.022 1.025-
7 1.336 0.006 O.26 - 9 1.015- 1.015- 0.202 0.12
6 0.017 0.017 7 1.037 0.007 0.017
5 0.041 -- 0.)17 0.017 -

I 50.040
6 10 3.036 2.308 2.739 I.21

3 2.036 1.108 1.001 0.2-1 7 n1 4.)3 •.211 2.0C2 2.20;
8 1.324 .32 4 0-.^01 0.03 10 3-.1' 2.):3 1.002 I.2'2
7 O.no10 O.1 - - 2.,31 1.329 I-w. 0.31%
6 10.2)- 1.202- 0.004 O.02V

9 I0.01+ O.1.1 .
5 1 2.022 2.022 I.O.' 1.32 0.25- 0.125-S1.'01• 1.C 7 0.1-2 0. 0

8 1.047 0. D•• O.2 C - ii 3.02 q 2.22' Z .0 I .
7 0.019 0.:19 2 2 1.:5+ 1.005+ .001

S0.3-2 1 .i .,18 0.002 0.C7
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TABLE 3-16 continued

TABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES

Significance Level Significance Level

0.05 0.025 M.01 0.005 0.05 0.025 0.01 0.005
a1  (0.10) (0.05) (0.02) (0.01) a, (0.10) (0.05) (0.02) (0.01)

nI 11 n? 6 ' 8 1.043 0.007 0.007 - n 12 n 2  9 7 1.037 0.007 0.007
7 0.017 0.017 - - 6 0.017 0.017
6 0.037 - - - 5 0.039 - - -

5 11 2.018 2,018 1.003 1.003 8 12 5.049 4.0!u 3.004 3.004
10 1.013 1.013 0.001 0.001 11 3.018 3.018 2.004 2.001,

9 1.036 0.005- 01005- 0.005- 10 2.015+ 2.015+ 1.003 1.003
8 0.013 0.013 - 9 2.040 1.010- .1110- 0.001
7 0.029 - - 8 1.025- 1.025- 0.004 0.0Ja.

7 0.010+ 0.010+
4 11 1.009 1.009 1.009 0.001 6 0.024 0.024 -

10 1.033 0.004 0.004 0.004
9 0.011 0.011 - 7 12 4.036 3.009 3A.09 2.002
8 0.026 - - 11 3.038 2.010- 2.010- 1.002

10 2.029 1.006 1.006 0.001
3 11 1.033 0.003 0.000 0.003 9 1.017 1.017 0.002 0.002

10 0.011 0.011 q 3.040 0.007 0.007 -
9 0.027 - 7 0.016 0.016 -

6 0,034 - -

2 11 0.013 0.013 -.-

10 0.038 - - 6 12 3.025- 3.02?- 2.005- 2.005-
11 2.0?? 2.0'2 1.004 1.004

nj 12 n 2  12 2 8.047 7.019 6.,07 5.002 10 1.013 1.-13 0.002 0.00:
1 6.034 5.0!4 4.,^5- 4.ou s- 9 1.032 0 005- 0.005- 0.005-
0 5.045- -. 018 3.-,06 2.002 8 0.011 0.011 -
9 4.050- 3.020 2.006 1.001 7 0.025- 0.025- -
8 3.050- 2.018 1.005- 1.005- 6 0.05?- - -

7 2.045- 1.014 0.002 0-02
6 1.034 0.007 0.007 5 12 2.015- 2.015- 1.002 1.0012
5 0.019 0.019 - -3 1.010- 1.010- 1.010- 0. 0D
4 0.047 - - 10 1.028 0.003 0.003 0.003

Q 0.009 0.009 0.009
11 2 7.037 6.014 5.005- 5.00-- a 0.020 0.22 -

1 5.024 5.024 4.008 3.002 7 0.041 - -

o 4.029 3.010+ 2.003 2.003
9 3.030 2.009 2.009 1.002 4 12 2.050 1.007 1.007 0.U01
8 2.026 1.007 1.007 0.001 11 1.027 0.003 0.003 0.00?
7 1.019 1.019 0.003 0.003 10 0.008 0.008 0.008 -

6 1.045- 0.009 0.009 - 9 0.019 0.019 -

5 0.024 0.024 - 9 0.038 - -

10 12 6.029 5.010- 5.01- h.003 3 12 1.029 0.%2 0.CC 0.22
11 5.043 4.015. 3.005- 3.-05- 11 0.009 0.009 0.009
10 4.048 3.017 2.005- 2.)05- 10 0.022 0.022

9 3.046 2.015- 3.004 l.00" 9 0.014 - -

8 2.038 1.010+ 0.002 0.012
7 1.026 P 005- 0.005- 0.005- 2 12 0.011 0.011
6 0.012 0.012 - - 11 0.030 - -
5 0.030 - -- _________________n, 13 n2: 13 I, 9.0-9 8.020 7.007 6.0i

9 12 5.021 5.021 4.006 3.002 12 7.037 6.015+ 5.006 4.002
11 4.029 3.009 3.009 2.002 11 6.o8 5.021 4.cos 3.?02
10 3.029 2.008 2.008 1.002 10 4.024 4.024 3.C00 2.02

9 2.024 2.C24 1.006 0.001 1 3.024 3.024 2.008 3.002
8 1.016 1.016 0.002 0.002 q 2.021 2.021 3. 00 0.101
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TABLE 5-16 continued

TABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES

Significance Level Significance Level
0.05 0.C25 0.01 0.005 0.05 0.025 0.01 0.005

a1  (0.10) (0.05) (0.02) (0.01) a1 (0.10) (0.05) (0.02) (0.01)

nl=18 n2=13 7 2.048 1.015+ 0.003 3.003 nl=13 n 2=7 11 2.022 1.022 1.004 1.004
6 1.037 0.007 0.007 - 10 1.012 0.C12 0.002 0.002

0.320 0.020 9 1.029 0.004 0.004 0.004
4 0.048 - 8 0.010+ 0.010+ - -

7 0.022 0.022 -
12 13 8.039 7.015- 6.005+ 5.0C2 6 0.044 - -

12 6.027 5.010- 5.010- 4.003
1i 5.033 4.013 3.004 3.004 6 13 3.021 3.021 2.004 2.0o0
10 4.036 3.013 2.004 2.004 12 2.017 2.017 1.003 1.043

9 3.074 2.011 1.003 1.003 11 2.046 1.010- 1.010- 0.001
8 2.029 1.008 1.008 0.001 10 1.024 1.024 0.003 0.003
7 1.020 1.02C 0.00o 0.004 9 1.050- 0.:08 0.008 -

6 1.046 0.010- 0.010- - 8 0.017 0.017 -
5 0.024 0.024 - - 7 0.034 - - -

11 13 7.031 6.011 5.003 5.003 5 13 2.012 2.012 1.002 1.002
12 6.0o8 5.019 4.006 3.002 12 2.044 1.008 1.008 0.001
n1 4.021 4.021 3.007 2.002 11 1.022 1.022 0.002 0.022
10 3.021 3.021 2.0C6 1.001 10 1.047 0.007 0.007 -
1 3.050- 2.017 1.004 1.004 9 0.015- 0.015- --
8 2.040 1.011 O.0C2 0.002 8 0.029 - - -
7 1.027 0.005- 0.005- 0.005-
6 0.012 0.012 - - 4 13 2.044 1.006 1.006 0.00C
5 0.030 - - - 12 1.022 1.022 0.002 0.002

11 0.006 0.006 0.006 -
10 13 6.024 6.024 5.007 4.002 10 0.015- 0.015- -

12 5.035- 4.012 3.003 3.003 9 0.029 - - -
11 4.037 3.012 2.003 2.003
10 3.033 2.010+ 1.002 1.002 3 13 1.025 1.025 0-02 0.002

9 2.026 1.006 1.006 0.001 12 0.007 0.007 0.007 -
8 1.017 1.017 0.003 0.003 11 0.018 0.018 -

7 1.028 0.007 0.007 - 10 0.036 - -
5 0.017 0.017 -
5 0.036 - - 2 13 0.010- 0.010- 0,010-112 0.029

9 13 5.017 5.017 4.005- 4.005

12 4.023 4.023 3.007 2.001 nl=14 n2 ý1
4  

14 0.049 9.020 8.008 J.003
11 3.022 3.023 2.006 1.001 13 3.038 7.016 6.006 5.002
10 2.017 2.017 1.004 1.004 12 6.02a 6.023 5.009 4.003

9 2.040 I.0iO+ 0.001 0.001 11 5.027 4.013 3.004 3.004
8 1.025- 1.02- 0.004 0.004 i0 4.026 3.011 2.003 2.003
7 0.010+ 0.0104 - - 9 3.027 2.009 2.009 1.002
6 0.022 0.022 - 8 2.023 2.023 1.006 0.001
5 0.2 9 - - - 7 1.016 1.016 0.003 0.003

6 1.038 1.008 0.008 0 -
13 5.042 4.012 3.003 3.003 5 0.020 0.020 -
12 4.047 3.014 2.003 2.03 4 0.049 - - -

11 3.041 2.011 1.002 1.002
i0 2.029 1.007 1.007 0.001 13 14 9.041 8.016 7.006 6.002
S1.017 1.)17 0.002 0.002 13 7.029 6.011 5.004 5.004
8 1.037 n.006 0.006 - .12 6.03- 5.015+ 4.005+ 3.)02
7 0.015- 0.115- - 11 5.041 4.017 3.006 2.001
6 0.022 - - - 1 4.041 3.016 2.035- 2.005-

9 3.033 2.013 1.002 1.002
7 1 .031 13.007 3.007 2.001 8 2.031 1.009 1.009 0.001

12 3.031 
2 .00

7  
2.007 l.001
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TABLE B-16 continued

TABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES

Significance Level Significance Level

0.05 0.025 0.C0 0.005 0.05 0.025 0.01 0.005
Ji (0.10) (0.05) (0,02) (0.01) al 0.10) (0.05) 0.02) (0.01)

n,'14 n-=13 7 1.021 1.021 0.004 0.00' n1 =14 n2=
7  

14 4.026 3.006 3.006 2,001
. 1.)14 0.010 - - 13 3.025 2.006 2.006 1.001

5 0.025- 0.025- - 12 2.017 2.017 1 .903 1.0C0
11 2.041 2.009 1.009 1.001

12 14 8.031 7.012 6.00' 6.00) 10 1.021 1.021 0.003 O.0C3
;? 6.921 6.021 5.007 4.00: 9 1.043 0.007 0.007
12 5.02#+ 4.009 4.009 3.003 8 0.015- 0.015- -

ii 4.02c, 3.009 3.001 2.002 7 0.030 - -

10 3,02' 3.024 2.007 1.002
9 2,019 2.019 1.005- 1.005- b 14 3.018 3.018 2.003 2.003
8 2.0?2 1.012 0.r"2 0.002 13 2.014 2.01' 1.002 1.0C2
7 1.028 0.0054 0.005+ . 1? 2.037 1.007 1.007 0.01
6 0.0113 0.01? - 11 1.018 1.019 0,300 O.Cc2
5 0.030 - 10 1.038 0.005f 0.005. -

9 0.012 0.012 - -

11 14 7.025 6.009 6.039 5.003 8 0.024 O.,j24 -

13 6.010 5.014 4.0:- 4.00. " 0.'.- -

12 5.04, .05 3.040- 3,005-
11 4.:4' 3.01' - 2...' 2. 00. 14 2.010. 2.010+ f.-6 ; .021
10 3.:3 F, 2.011 1. 00 1.003 13 2.037 1.006 1.006 0.01

9 2.027 .057 1.007 0.00: 12 1.017 1.017 0.102 0.0 $
9 1 ..017 .017 0. 303 0.00.? 11 1.039 0.-05- 0.00ý- 0.C05-
7 1.038 0.007 0. "' - 10 0.011 0.01' -
6 0.^]7 O.017 9 0.022 0.022 -

0.. 8 .- - 0.0.0 - -

o 6.o;o0 6. 0,0 5. 4.o.1,, 0 0., 2.033 1.005- I.Cc5- 1.0or-
13 5.-8 4.- ) 4. :0, 3.0; 13 1.019 1.019 O.0C0 . 0.. '
12 4.026 3.309 3.-09 2.0!2 12 1.04' 0.005- 0.105- 0.055-
01 3.12. 3.02' 2.0 2. ''2.0 11 O.Ci 0.011 -
:0 2..:3 2.018 I..., I00.4 10 0.02? 0.023 -

S2. $4Cr 1-0!, 0."? 0.002 9 0.0! - -
8 1.02' 1.02". 0.0", 0.004
7 0.,10- 0.01>- 0.01 - 3 14 1.022 1.022 0.311 0.01-1
£ 0.02. 0.:22 13 0.006 0.00 0.0f-
5 0.0'.7 12 0.015- O.C01-

11 0.02o
' 1. 6...' 5 01'. 4. ,

0 I3 q.003 4.oi 3.4m 3 - 14" 0.00e 0.008 0.3)9
12 3.:107 3.17 2.0T- 2. :4 i3 0.025 0.025 0 -
0. 3.0?42 2 0%2 1 . ) 10% 12 0.0s0 -

100 2.020 '7' •• I. 0.
S1.017 1 -),:- 0. n0 2 r :1, 1$ 15 i11.00- 10.'21 9.20- 8.o'

S1.03£, 0.i06 0.ýE 1'. 9.0'.? 8.019 7.-0 - 6.c0'.
1 0.00- 0.01. 13 7.025 6.012. 5.0>. 5.0.-

0.210 - 12 6.030 5.0-3 4.,'>0-
01 5.0C" 3 m.01, 3..)-- 3.7

8 4 5.036 4.-10- 4. a0'0- 3.002 10 4.031 3.-21 2-0'- 2.0.-
0,' 3-. 72 2.-'1 2. '3 I.700 8 2.025+ I,"; r. - 0."-::
11 2.022 2.022 1 .0>- 1.300- 7 .003 0.003 0.1:- .003
00 2.048.3 .0. 0. ])0 0.022 6 .0'0 0.00 0.039
"3 1.026 0. "4 0.00" 0.00'. 5 0.021 0.02-1
8 O.00 ?0. 023 0.03 ] Y 0 I.50- - - -

7 0. 020 0.220 -

5 0 40 -- -
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TABLE 5-16 continued

TABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABI.FS

Significance Level Significance Level

0.05 0.025 0.01 0.005 0.0, 0.025 0.01 0.005
a1  (0.10) (0.05) (0.02, (0.01) al (0.10) (0.05) (0.02) (0.02)

n-=15 n2=14 15 10.042 9.017 8.006 7.002 nr=15 n 2 :9 13 4.042 3.013 2.003 2.003
14 8.031 7.013 6.005- 6.00o- 12 3.032 2.009 2.009 1.002
13 7.04i 6.017 5.007 4.002 11 2.ll 2.0.1 1.005- i.005-
12 6.046 5.020 4.007 3.002 10 2.045- I.21 0.002 0.002
ii 5.o48 4.020 3.007 2.002 9 1.1. 1.024 0.004 O.CO4
i0 4.0,6 3.018 2.0ob 1.001 8 .048 0.009 0.009
q 3.041 2.014 1.004 1.004 7 0.019 0.019 -
8 2.033 1.009 I.009 0.001 0.037 - -

7 1.022 1.022 0.004 0.004
6 1.049 0.011 8 15 5.2 4.O08 4.078 3.002
5 0.025 - - - 4.03 3.0C9 3.009 2.002

II 3.026 2.0(; 2.0¢6 1.001
13 1I 9.035- 8.C13 7.005- 7.001- 12 2.017 2.517 1.00C 1.003

14 7.023 7.023 6.009 5.003 11 2.037 2.09 I.Co08 0.001
13 6.029 5.011 4.00o4 4.004 10 2.019P 0.003 0.0C3
12 5.031 4.012 3.00" 3.004 4 2.03p 0.0V 0.006
21 4.030 3.011 2.003 2.003 8 0.013 0.213 -
10 3.026 2.008 2.108 1.O02 7 0.026

9 2.020 2.020 1.005. 0.001 b 0.000-
8 2.043 1.013 0.002 0.007
7 1.029 0.005+ 0.001+ - 7 15 4.0,3 4.0.3 3.0105- 3.005-
6 0.013 0.013 - 14 3.022 3.021 2.004 2.00Q4
5 0.031 - - - 13 2.014 2.014 1.002 1,002

22.072 27 2.00' O.CCl
f2 15 8.028 7.010- 7.010- 6.003 11 1.015 :.01i5+ 0.0C2 0.C02

14 7.04: 6.016 5.006 4.00? 20 2.02 0.0071- 0.200- 0.N0:,-

13 6.04s 5.019 4.007 3.002 9 0.21+ 0. 0÷k -
12 5.0o4 4.019 3.006 2.002 8 0.0,0 0.020 -
11 4.045÷ 3.017 2.005- 2.005- -.039
10 3.038 2.012 2.003 1.003 I

9 2.028 2.007 1.007 0.001 6 25 3-00'- 3.015. 2.023 2.0C2
6 1.018 2.018 0.203 0.003 N 2.012 2.2112 2.22 2.20.
7 1.038 0.007 0.007 - 13 2.-?] I.2ck 1.026 0..22
6 0.017 0.017 i 1 .C14 1.014 0.%.2 0.C2."
5 0.037 - -01.020 0.-0. 0.,04 0.'2..

0V .%9 0.ý29 0. 010
11 15 7.022 7.022 6.02c 5.-02 4 0.017 0.01 -

14 6.032 5.011 4.003 4.o3 8 0.032 0 - --
13 5.o34 4.012 3.003 3.03
12 4.032 3.010÷ 2.003 2.003 15 2.723 2.,^- 2.,'2: 1.001
11 3.026 2.008 2.009 2.:02 14- 2.23 .2.100- 2.205- 2.0ý2-
00 2.019 2.019 ].20O 1.020 13 2.01. 2.01. 0.201 0.021

9 2.040 1.011 0.002 0.702 1.03 0.,00 0.2(. 0.72..
8 1.024 1.024 0.00. 0.024 11 0.208 0.029 0.1009
7 1.049 012- 0.010- 120.006 0.016 O -i i
6 0.022 0.022 - 0.232
5 0.076

10 15 6.017 6.017 5.225- 5,2^5- 2.21, 0.20! 0.'+l
14 5.023 5.023 .0' 3022 2.1 0... 0.02. 0..-.
13 4.022 4.C22 3.2C/ 2.01
12 3.018 3.220 2.022- 2.21 00-.: 1
00 3.042 2.013 1.03 2.02)) N 0-11-
10 2.229 1.007 1.22 0.0U1 l

1.016 2.016 0.122 0.12 1 .. 2 ,. 0. 20 0.7
2.034 o.0(76 0.,-0 o.'- o.2°- 0.::-

7 0.013 0.012 - o o0." -
F 0.028 - 0..-,'- -

Ii 0.3, L"-

9 15 6.042 5.312 4.200 .-cl
10 5.47 4.701- 3.224 I -14 3O10... 0 -
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TABLE B-16 contir.ed

TABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES

Significance Level Significance Lev-l

0.05 o 0.025 0.01 0.005 0.05 0.02 5 0.01 O.C5
a1  (0.10)1 (0.05) (0.02) (0.01) a1 (0.10) (0.05) (0.02) (0.01M

= n2 16 16 11.022 1.022 10.009 9.003 r -16 ,2=12 16 8.024 8.02' 7.008 6.,02
15 0..04' I 9.019 8.008 7.103 15 7.036 6.013 5.004 5.o04
14 8.027 7.012 6.005- 6.oos- 14 6.o0o 5.015- 4.oo5- 4.ocs-
13 7.033 6.015- 5.006 4.002 13 5.039 4.01 3.00'. 3.00-
12 6.037 5.016 4.006 3.002 12 4.034 3.012 2.003 2.003
11 5.038 4.016 3.006 2.002 11 3.027 2.008 2.ofl 1.002
10 4.037 3.015- 2.005- 2.005- 10 2.o19 2.019 1.005- I.115-

9 3.033 2.012 1.003 1.003 9 2.0o40 1.011 0.002 0.("2
8 2.027 1.008 1.008 0.001 8 1.024 1.024 0.00. 0.00.
7 1.019 1.019 0.003 0.003 7 1.0G8 0.010- 0.010- -
6 1.041 0.009 0.009 - 6 0.021 0.021 -
S 0.022 0.022 - - 5 0.044 - -

15 16 11.043 0.018 9.007 8.002 11 16 7.019 7.019 6.006 5.20;
15 9.033 8.014 7.0OS+ 6.002 15 6.027 5.009 5.009 4.2c0
14 8.044 7.019 6.008 5.003 14 5.027 4.019 4.Qq 3.';C,'
13 6.023 6.023 5.009 4.003 13 4.024 4.024 3.0C9 2.1::
12 5.024 5.024 4.009 3.003 12 3.019 3.019 2.05.+ 1.001
11 4.023 4.023 3.008 2.002 11 3.041 2.013 I.Ioj I.C13
10 4.'49 3.020 2.006 1.001 10 2.028 1.007 I.C07 0.111

9 3.043 2.016 1.004 1.00. 9 1.016 1.116 0.002 0.,;:
8 2.035- 1.010. 0.002 0.002 8 1.033 0.006 0. 006 -
7 1.023 1.023 0.004 0.004 7 0.013 0.013 -
6 0.011 0.011 - - 6 0.027 --
5 0.026 - --

10 16 7.046 6.01' 5.:^4 5.11'.
1' 16 10.037 9.014 8.005+ 7.002 15 5.018 5.018 4.005+ 3.L1o

15 8.025. 7.010- 7.010- 6.003 14 4.017 4.017 3.115- 3.:20 -
14 7.032 6.013 5.005- 5.005- 13 4.042 3.014 2.1C3 2.0:3

13 6.035+ 5.01. 4-005+ 3:oo0 12 3.032 2.019 2.0019 1.02
12 5.035+ 4.014 3.005- 3.005- 11 2.021 2.021 1.005- I.,o S-
11 4.033 3.012 2.004 2.00' 10 2.0'2 1.011 0.002 0.30c
10 3.028 2.009 2.009 1.002 9 1.023 1.023 0.004 0.004

9 2.C21 2.021 1.006 0.001 8 1.045- 0.008 0.C ,8 -
8 2.045- 1.013 0.002 0.002 7 0.017 0.017
7 1.0?0 0.006 0.006 - 6 0.035-
6 0.013 0.013 -
5 0.031 - - 9 16 6.037 5.010- 5.:1: - 4. ,:7

15 5.040 4.01; 3.c13 L.:-2
13 16 9.030 8.0!1 7.0"'. 7.00' ;4 4.0o'. 3.010- 3.21-- 2.::;

15 8.047 7.019 6.107 5.002 13 3.025. 2 100 2.^,'
14 6.022 6.023 5.008 4.103 ;2 2.C16 2.-16 I.:>n j.,:
13 5.023 5.023 4.008 3.003 11 2.033 I.Cc: 1.0:8 0.221
12 4.022 4.0:2 3.007 2.902 10 1.017 I.C17 O.CC: 0. r;;

11 4.048 5.018 2.005 ÷ 1.001 9 1.031, 0.0 6 , 0.0 % -
10 3.039 2.013 1.003 1.003 8 0.013 0.012 -

9 2.029 1.,0 8 1.008 0.011 v 0.72'. O.C2 -
8 1.018 1.018 0.103 C.003 0.145+
7 1.038 0.007 0.-07 -
6 0.017 0.017
5 0.037 -
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TASE 9-16 cont I nue

TAKLES FOR TESTING SIGNIFICANCE INi 2 X 2 TAKLES

Significar ce Level _____ izt1ficance Level
70~ 02 0.0 .005 O.C2S~o 0.0 2ý05

al (01)(0.05) (G.02) (r,.01) a1 0.10) (0.35is) (0.02) (.1

rn.-16 n2'@ 16 5.028 4.007 4.007 3.001 nl=16 n~z 16 1.018 1.016 0.00: 000
15 11.028 ).007 3.007 2.1ý01 i5 0.00.. 0.004. 0.0,)4 0.ýO.
14. 3.021 3.021 2.005- 2.005- 1'. 0.0104 0.010+ -
13 3.04.7 2.013 1.^00? 1.002 .13 0.02i 0.12; -
12 2.028 1.016 1.0ý06 0.^101 12 0.036 - -

11 1.01'. 1.01'. 0.102 0.ý2210 1.027 0.004. 0.2'. 0.100' 2 16 0.007 0 007 0.0179 0.039 0.309 0.21L3 - 110 0.020 0.C-21ý
9 0.017 0.017 - -116 0.039 - -

7 0.0331

7 16 4.020 4.020 3.12'. 3.10' .6 11.OU3 10.02D 9.00o O.oo0
15 3.017 3.017 2.,)- 2.003 15 9.029 8.013 7.005. 6.0i:;
14. 3. Ns+ 2.011 1.10^2 1.002 1'. 8.035+ 7.116 6.127 5.1.2
11 2.026 1.005- 1.1. 1.005- 13 7.'o 6.018 5.01" 4.1ýcl
12 1.0i2 1.212 0.21) 0.-:01 12 6.0'.1 5-0:9 41CC7 3.;:?
11 1.0?'. 1.02'. 010c3 0.003 11 5.0'. 2 11 3.017 2.112,
10 1.0465- 0.007 0.10 c,1 4.0'.r 3.016 2.015. 1.)02

i 0.21'. 0.01i4 z 3..)3. '2 '1-- 1.113 1-.3
0 0.-226 4 2.021 1.D19 1.20" 0-.,:
7 0,C4.7 - -- ' .1 .02 0.01' 0. C.

6 P.C143 02.27 0.19 q
6 16 3.C011 3.S13 .12 2.27ý2 5 .C22 .2 -

15 3. N1'.ý 2.j: 29 9 1.201,

13 1.011 1.ý111 0.P 0.1-0' 1E 0.13%- 0.;s .0,e 7.:;2
12 1.2 .2 .?13 0.-03 92M 8.C2: 7.700 6. 2:
11 1.933 0.006 0.11 '722. 61: 52. ý.
11 Z. ^ 2 0.01i" -2 6. 12' 7 1 4 1 .>

0.123 U.,;2 1 2 5-.-,-7 CC', 3. 3
0.40 . -4.0,5. 3. 30. 2

3.1ý 3 -22 2.11 I.",
3.-:.l 3. -!1 2..' .23 3 .;-t 2. I: 1 ~

1.11.,:, 0.1-1: 0.2211 1., 0.- 0
l§'0:3 0..> 0.:I 0-1.

I.-4- 07. 0.7 0.I
'i 022: 0.;-,.-
0..3 30... 2- -' 9. 8

5.

2. 2.j 0.1 0.
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TAIL[ 1-16 continued

TAKLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES

Significance Level Sigr.ificance Level

0.05 0.025 0.01 0.0.s 0.0" 0.025 0.01 0.005
al (0.10) (0.05) (0.-2) (0.01) &1 (0.10) (O.OS) (0.02) (0.01)

n1.17 n2J.1 17 10.032 9.012 8.04 8.104. nl 1
7  

r12 1 113 4,02 3.01. 2.:04 2.00'.
16 8.021 8.021 7.^08 6.003 12 3.031 2.009 2.009 1.002
15 7.026 6.010- 6.0;: 5- 03 11 2.020 2.020 I.c05- 1.005-
1'. 6.028 5.011 4.c1 4.00,. 10 2.0o0 1.011 0.001 0.001

13 5.0'0/ 4.010- 3.C- 3 9 I.M22 1.022 0.004 0.00.
12 4.024 h.024 3.1+1C8 2.002 A 1.04? 0.0:8 0.008 -

1. 4.049 3.01 2,Ot6 .01 7 0.016 0.016 -

10 3.04.0 2.C14. 1.,C3 1.V3 f 0.-33 -
q 2.029 1.008 1.308 ý0Cl
8 1.3:8 1.018 0.:^73 0.c, "1 : 1 7.0'.: 6.,.12 5.003 5.003
7 1.038 0.007 O."07 , 6.0.'7 5.ý15" 4.00. 4. 00-
6 0.01o 0.017 15 5.0-,3 4.:'. 3.:^,, 3.oc4
5 0.036 1. 4. 3.%1. 2.01* 1.0¢c

S 3.7'. 3.:?'. 2.00" 1.00;
13 17 9.026 8.C'9 8.v'5 7.07' 12 3,)4q 2.CI05 1003 (1.003

it S.0: 7.^,15 6. ÷ S .: 2.031 1-.07 :.7C:7 0.01
15 7.o'.5. 6.;o8 5.0Th I.C716 1.0i6 0.072 0.0C2
.'. 6.o'3-. 5.20 4..m 3 !. 17,1 o005. o .cc¢.
1' 5.0.,2 4I.. 16 3.:7.. 2 ' 0- 11 0.011 -

1., 4.035. 3.5:3 2.-&. 2..04 0.7121 0.022
1. 3•.29 2.0X9 2.. -,, 0. - -2
:3 2.0.3 2.0.9 I.7L-

2.0'.0 , .01i 0.:.. 0 9 ' 6.:32 5. 08 5.c12 4.012
1.02? . 1.,.. 0..-- 01.- 5.736. 4.010- 4.. 3-- .002

4."%, .3-08 -,.CO 2.-C,

021 3-j. 7.01 I.- 3.022 3E,2 - 6 2 .U+ 0

82 -2 2 ..76. 1.%7: 0.02. 0.002
7, 7.wJ 6.011 5 -50' 1. C2- 0.00'. 0.00'

6.o3, 5. 4 - 4 . I 0.003 O.L:@ -

5. 3 3.- 2 0-

.1 3. ,' 2.:: 5. 5... . 3. :

0.516 0. 3 - 2.:2- I
- 0.'1 0. p ' 2 2..."." :; 1.22.. I '.',,

0-I.'2 I.1 -2.2. 0..- 1

. 6 o66-', 0. 0
0.>? .:? -.

4 -. 4. . .:- 3... 0. 1
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TABLE 5-16 continued

TABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES

0~ifL.an'.' I..v.! OSignificance Level

0.05 0.025 O.o 0.005 0.05 0.025 0.01 0.005
(3.10) (0.05) (3.02) (0.0) .1 (0.10) (0.03) (0.02) (0.01)

i-.. 7 17 4.017 4.017 3.)03 3.0C3 nir118 18 13.023 13.023 12.010- 11.004
It 3.3ý0. 3-.C1 2.3-)3 2.003 17 12.044 11.020 10.009 3.004
15 3.-38 2.004 2.'103 1.0)1 16 10.030 9.014 8.005 7.002
1'. 2.001 2.0.1 3.00. 1.00" i5 9.038 8.018 7.)08 6.003
11 2.42? 1.09 I..1 3 0.001 14 8.043 7.020 6.00o 5.003

1.," . 0..- 0.2 13 7.046 6.022 5.00 4.003
11 1.03. 0.005- 0.o)oS- 0.005. 12 6.041 5.0?22 .O09 3.003
00 001 0.0.0- 0.01,- - 5.046 4.020 3.008 2.002
3 0.119 0.0:9 10 4.043 3.018 2.006 1.001

0.033 9 3.0i8 2.0]. 1.004 1.004
8 2.0oo 1.009 1.009 0.001

6 17 3.011 3.2l; 2.002 2.002 7 1.020 1.020 O.O4 0.004
3t 3.040 2.008 2.008 1.021 6 1.044 0.-00- 0.010- -
2.321 2.021 1.0"3 1.001 5 0.0,3 0.023 - -

1. 2.045. 1.009 1.00q 0.001
13 1.01s I.018 0.502 0.002 17 18 1?.045. 12.01V 11.008 10.003

I.3:5- 0.205- 0.1-5- 0.005- 17 1.036 10.016 9.007 8.002
1 0.3C9 0.:3l 0.009 - 16 10.049 9.023 8.010- 7.004

0.317 0.0.7 15 8.028 7.012 6.005- 6.005-
0.30- 1' 7.030 6.013 5.005+ 4.002

9 0.0s0- 13 6.03) 5.013 4.005- 4.005-
02 5.030 4.012 3.004 3.004

3.04)3 2.303 2.101 i.01 10 4.028 3.010+ 2.003 2.003
06 2.02-0 2.0> 1.001 l.oo3 10 3.023 3.023 2.008 1.002
5 1.)0) 1.009 1.00) 0.001 9 3.047 2.018 1.005- 1.005-

1" 3.02! 1.02, 0.00i 0.032 8 2.037 1.011 0.002 0.002
13 3.33 0.005- 0.005- 0.%1- 7 1.025- 1.025- 0.005- 0.005-

0.010- 0.010- 0.021- 6 0.011 0.011 -
1 0.020 O.1l - 5 0.0:6 -
. 0.2

0. jb 18 12.031 11.016 10.00b 9.002
17 10.0;9 9.012 8.005- 8.005-

1' 2.023 1.. 3 1.00 1.003 16 9.02F 8.017 7.007 6.002
if 3.012 1.012 0.001 0-.01 15 8.043 7.019 6.008 5.003
1 3 I.326 0..03 0-.'1 0.033 1L 7.0.., 6.020 5.008 4.0030..20 0.02t 0 .30 - 13 6.045+ 5.020 4.007 3.002

-0.12 0.012 12 5.0?2 4.C18 3.006 2.002
J2 0.1).! 0.ý2. 11 4.037 3.015- '.004 2.004S 0.015+ . 00 3.013 2.011 1.003 1.003

9 2.031 2.023 1 .006 0.001

3 17 1.010 1.016 0.011 0.001 8 2.046 1.034 0.002 0.002
05 3.'4•3 0.00- 0.00" O.00u 7 1.030 0.006 0.306 -

0.,09 0.-09 0.009 6 0.01. 0.)14 -
1,' 0.318 0.308 5 0.031 -1:3 0.0•i -

1is 0.3 - - 15 18 11.033 10.013 9.005- 9.005-
07 9.023 9.223 8.009 7.0030.C06 0.i30 0.330 - 1i 8.023 7.012 6.00. 6.004

it 0.,0 0.328 15 7.031 6.013 5.005- 5.005-

i, 0.335+ 
14 6.031 5.013 4.00. 4.orL13 0 5.021 4.011 -. 004 3.004
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TABLE -1-6 continuod

TABES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES

Signtific~nce Level Sig~nificance Level

0.05 0.025 0.01 0.005 0.05 0.025 0.01 0.005
81 (0.10)1 (0.05) (0.0?) (,. 0 1) al (0.10) (0.05) (0.0?) (0.01)

L4'1=18 n2 =15 12 4 0.125+ 3.009 31003 2.003 n,1 ,,=12 10 2.038 3.015. 0.001 0.001.
11 3.020 3.020 2.006 I.J,1 9 1.021 1.021 0.003 0.003
10 3.04.1 2.014 1 .0Q. 3.10.. 8 1.040 0. 30r 0.007 -
9 2.030 3 .l08 .009 O.'3I ? 0.016 0.016 -

a 3.018 1.018 0.3002 0.003 6 0.031 -

7 1.038 0.1)07 0.;C7 -

63l 0.017 0.017 - - 11 18 8.0'.5+ 7.ý1'. 6.0(" 5. 0-
5j 0.036 -17 6.0.a 6i.c:s 5.006 4.001

116 5.018I 5.018I 4.rnntf MC.0
14 is130.028 9.010. 9.01_ S.0:.3 15 5.043 4.C!15- 3.00.. 3.-006.

17 9.043 8 7i7 7 .,c 6.002 I1,, 4.033 3.011 2.003 2.003
16 8.050- 7.02: 6-"8 5.)C3 13 3.023 3.023 2.007 I.001
is 6.022 6.0.2 5 ý- 4. 1 :3 12 3-o.6 2.014 .,)()1 3.003
14 6.04,3 5.0.3, ) 3.^-2 11 2.020 1.007 3.007 0.001
13 5.4 4.017 3. 0' 2.1:1 IQ 3.C15- 1.015- 0.00? 0.1c,
12 4.037 3.01, 2 .0.. 2.:j. 9 1.023 0.005- 0.0- 0.005
11 3.028 2.009 2., 1.1102 0 .a!O+ 0.010+
10 2.020 2.020 1.005 3.001- 7 0.o:10 0.020 c
1 2.039 1.-)11 0 .ýC 0_1^1; 0.3
4 1.024 3.01'. 0.30. 0. 10.
7 1 .,47 0.0119 0.7' ! C 8 7,01? 6.012. 5.003 5.003
6 0.1120 0.)20 - 1- 6.341 5.010 4.003 4.003
5 0.Qu3 - - -16 5.015 4.011 3.003 3.003

35 4.028 3.009 3.008 2.00?
13 19 9.023 9.03V 8.0,)g .'o 1'. 3-114 3.010 2.005- 2.005-

1'8.034. 1. 6.,0. 6.:;.. 13 3.,'-34 2.011 3.0002 1.00?
16 7.037 6.14. 5.:;5- 5.-.5- 12 2.02? 2.023 1.005+ 0.001

14 5.03? 4.01? 3.004. .0. 3.3.::? 3.022 0.001 0.003
13 4.027 3.)0 301 2 13.- 0.007 0.007 -

3.30 3 02 2 3 8 0.114. 0.ý1. - -

11 3.0403 2-113 1., 1.--3 7 0 ý7
132.0;7 3.00l 6 ' 0.^ýq

1.:5 .01.+ 0.)" 0.'2
S .11 0.306 06 19 6. 5 " 5.2:1 4.0c:

7 0.012 0.1 ' 5.,. 4.0,4 4.)oe 32
6 002. -A 4. 4 .1 3 7%E 2.001

is 3.' 2 . 2.00
12 a9 8.118 8.:l? 7.3- 6. 1. . 2 2

i~6c" 5-09 5.- 4.-, 1 12 2. 7I OA'
C2 4. 5 . ,?, 3 01 I A

IL 4 0 3." 2.
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TABLE B16 continued

TABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES

Significance Level Significance Level

0.05 0.025 0.01 0.005 0,05 0.025 0.01 0.005
a1  (0.10) (0.05) (0.02) (0.01) a1  (0.10) (0.05) (0.02) (0.01)

nl=18 n 2z 8 18 5.C22 5.022 4.o05- 4.005- n1 =18 n2=4 13 0.017 0.017
17 4.020 4.020 3.004 3.004 12 0.029

16 3.014 3.014 2.003 2.003 11 0.045+ -
15 3.032 2.008 2.008 1.001
14 2.017 2.017 1.003 1.003 3 18 1.014 1,014 O, Ai 0.001
13 2.034 1.007 1,007 0,001 17 1.041 0.003 0,03 0.003

12 1.015+ 1.015+ 0.002 0.002 16 0,008 0.008 O.Ou, -
11 1.028 0.054 0.004 0.004 15 0.015+ 0.015+
10 1.049 0.308 0.008 - 14 0.026 -

9 0.016 0.016 - 13 0.042 -
8 0.028 -
7 0.048 - - - 2 18 0.005+ 0.005+ 0.035+

17 0.016 0.016
7 18 4.015+ 4.015+ 3.003 3.103 I1 0.032 - -

17 3.012 3.012 2.0¢2 2.002
16 3.032 2.007 2.007 I,001 n,=19 n219 19 14.023 14.023 13.010- 12.004
15 2.17 2.017 1.003 1.003 18 13,045- 12.021 11.000 10.004
14 2.034 1,007 1.007 0.001 11 ;1.031 10.015- 9.0C 8.C03
13 1.014 1.014 0.002 0.002 16 10.039 9.019 8.009 7,003
12 1.027 0.004 0.004 0.,03 15 9.0o6 8.022 6.004 6.,14
11 1.046 0.007 0.037 !4 8.050- 7.024 5.034 _004
10 0.013 0',13 - 13 6.025+ 5.011 4.o-. 4.).
9 0.024 0.024 - 12 5.024 5.024 3.3,3 3.003
8 0.040 - - 11 5.050- 4.022 3.309 2.0C3

10 4...6 3.019 2.0-8 IC.2
6 18 3.010- 3.010- 3.010- 2.S01 9 3.039 2.015- 1.01- 1.004

17 3.025+ 2.006 2.036 8,331 8 2.031 1.009 1.09 0.032
16 2.018 2.018 1.033 1.003 7 1.021 1.021 0.004, 0.04
15 2.338 1.007 1.0117 0.31 6 1.045- 0.010- 0.010- -

14 1.015- 1.015- 0.002 03,02 5 0.023 0.03 - -
13 1.003 0.003 0.003 0.303
12 1.048 0.007 0.007 -18 19 14.045 13.020 .2.008 11.003
11 0.013 0.013 - - 18 12.037 11.017 10.37 9.031
10 0.022 0.022 - - 1 IO.C24 10.024 8.104 8.0&C

9 0.037 - - - 16 9.030 8.014 7.-,.6 6.o,2
15 8.033 7.015+ 6.oo6 5.002

5 Is 3.040 2.006 2,0CE 1.001 14 7.035+ 6.016 5.C06 4.o32
17 2.321 2 321 1.103 !.003 33 6.035- 5.115+ 4.306 3.,32
36 2.048 1.008 1.0 0.001 12 5.033 4.014 3.CC5- 3,095-
35 1.017 1.017 0,032 0.337 11 4.030 3.011 2.'33 2.,34
14 1.333 0.334 0.00 0.004 13 3.025- 3.325- 2.C38 1.2

13 0.307 0.007 O.OC1 - 9 3.,04Q 2.09 1.3,5+ 0.31
12 0.314 0.31- - - 8 2.038 1.032 0.032 0.112
1! 1.02-. 0.0> - - 7 1.025+ 0.3C5- 0.005 0.125-
10 0.039 - - - 6 0.012 0.01 -

5 0.027 -
" 18 2.025 1.003 1.333 1.103

I C 1.024 1.124 0.0C 0.032 38 11.830 I-313 9.335. 8.332
1.O45 0.010- 0.5-5- 0.05l 10.cu 9.336 8,:3 7.;> I

- 0.310- 0.313- 0.013- !6 9.034 8,.2' 7,339 6.133
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TAKLE 9-16 continued

1ABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES

Significance Level Significance Level

-.CS .5T505 0.'" 0. o2 0.05) 0.025 0.03 0.005
e (0.10) (0.05) (C.02) (0.1^ a) (0.10) (0.05) (0.02) (0.01)

nil=14 n,217 15 8.050- 7.023 6.010- 5.004 n',:) n 213 1 9.020 9.020 8.oo6 7.002
IL, 6.323 6.223 5.01L- 4.20 03 19 8.O29 7.010. 6.003 C.00W
13 6.049 5.122 4.2o09 3.2ý 1' 7.031 6.011 5.004 5.00,.
12 5.' s-. 4.01o 3.t37 2.J,2 16 6.029 5.011 4.003 4.OC3
11 4.039 3.015+ 2.-00 2.-05- is 5.025+ 6.009 4.009 3.0o3
10 3.032 2.-"1 1.023 1.223 14 4.020 4.320 3.006 2.00-

' 2.024 2.02- 1..27 0.-0: 15 4.04: 3.01S- 2.00' 2.0o,*
8 2.0'47 1.015- 0.0,: 0.00?2 -1 2.02q 2.009 2.0C9 1c002
7 1.031 0.206 0.406 11 2.219 2.019 1.005- 1.005-
S0.•24 0.)14 - 1) 2.D36 I.CIO- 1.010- 0.0_31

0.031 - 9 1.020 1.020 0.003 0.003,
S 1. 038 1.007 0.0C7 -

I a 12.235- 11.,:3 10.2:5- 10. -205- ' 0.o15- ' .005-

19 10.024. 10,C2-. 9.21:- 8. :*: 0.2~ ID-
17 9.031 8.013 7.025, 6.!""
2f 8.035- 7.01S+ 6. ::s6 5.:'2 i2 19 9.c4,1 8.oie 7.005- 7.005-
1ý 7.C3t 6.015+ 5.0C6 4.202 15 7.022 7.022 6.0C7 5.0032,
14 6."4' 5. ).1- 4 .305+ 3-c" 17 6.022 6.022 5.00" 4. OCz
13 5.031 4.,12 3. ̀-. 3.23 16 5.019 5.C19 4.-06 3.002
12 4.027 3.-!-- 3. .3- 2.,,3 15 5.C42 4.Cl5. 3.004 3.c,:
11 3.,:21 3.:,2! 2.,"7 1. .22 16 4.032 3.003 2.0G3 2.003

3.2 4-2 2.,:5- I.- 1. _.r 13 32.C2 3.023 \2.OC6 1.021
2.230 I. c3 1 1.2 2 0.21 12 1 . ,143 2.214. 1.003 I. .0a
1.o:q I. - s 0 2 0..01-3 :1 2.027 I.007 1.00' 0.011

1 .21' .: -3 l-7 0.25 0.027 0. 3-".036 O. -. 4 2.27* 0.:10- 0.31!2 O.C2-

"0.014 0.019 -

i5 i9 11.)29 10.22 9.2-. 9,2,., 0.037 -

"- 8.;:' 8.2.3 7.,.i 6.22' 21 23 8.1) .: 7.012 6.Z03 6.03i
7 . 7', - 6..- 5. . 7. 34" 6.016 5.2•4. 5.0G4
6., 6.25. 23 - 6.043 5.1 - 0 :.42'. 4.3.-,

.- 5 * 4 3.2; 5-035. 4.012 3. :n3 3.003
* 5 *4 3 2.2. 4. 7 3.3:9 3.:29 2.202Z

4 37 3 2- . - 3., 1},:- 2.202- 2.30!-
""3.0.• 2 -C- 2.•-, I.. 3.?.; 2.010, 1.302 |.i2
2." 2. I . 2. 2.221 1.105- I .'-S2.23.- I .i 0..• 0.22•• 2.> 1.212. 0.oc2 0.221

I . .2 0.. 0.t''. I• 1.2 1.222 0.229 0.00'
-1 .•. 0..*• 2,; I ,0• 0.20O6 0.226 -

0- 0.- 30192 0.217 --

0.

10 10 .-- 9-1~

"" 8 . 7. 6.. 5 - 6. 7- 5.,-1 4.,03 4.0c3

7u& i• .:11[ 6.• 5.?: 6.•2 5--'g "927. ',- I6. ;- 5.:0 . 5. 4."-. 4.229 3.2- -
5-6:5 O.- . . 4..,- 4.-22 3.26 2-C21

- 5 4 ' V22 I .' 4.2 32! 2.22 2.:-.'

3 . -:-Z

4 3; 3 3..1 2 ' 22-6 2. 2.03: 1.C:2

-2.22 -. 2 . 0.2., I2. .2 0.2 0.0-:

- l2>2 0.22. . - - . 0. 2~0.129 01.1:14

0... 02.. - -0. iA 0.2> -

0.- 0.2-
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)fTP 3-1-005
1 March 1972

TABLES s-16 conltinued

TABLES FOR TESTING SIGNIFItANCE HIN 2 X 2 TABLES

0.115 0.025 j 1.U0 ).O.05 r. 05 0.025 D.,1 . C5

a_________ a1  (0.10) (0.05) (0.011) (0.01) C1 .0 - ;r5 - - -)

n.19 n 2- 10 6,026 5.006 5.006 4.00L n 21 = n5 12 0.019 0.0>j

27 4.020 4.320 3.171- 3.3(05- 10 0.047 -

1F 4.0'44 3.01' 2.L003 2.003
1s 3.Q28 2.G07 2.0.7, 1.001 4 19 2.C24. 2.1 ,2,. 1OC.2 1 0C
14 2.115- 2.015- 1.003 I. 13 18 1.001) 0909 .

1 2..'12 1.206 1.00E .0 : .~ .21 0. 00
12 1.013 1.113 0.001, 0. :02 16 1.011, 7o 0.10 '.IC 0. (,

:21.021-1 .1?.0 0.--4 0,00-. 15 0.0,_8 0.2068 0.008
10 .)42 O.;C7 0.2: V 14 0.014 G.).4 -

0.013 0.113 ' 3 0.,2., 0.J2'. - -

80. 52L. 0.1,24. - 12 0.037 - -

70.040 3
3 '9 1.113 1 .,13 0.ý.01 0. Or,

.217 3.7 3.1C4 17 0.CVh 0..0( 0.06

1 .ýL 3.%1. 2.,--)2 2.00ý2 -16 0.C01 0.01 " -

:ý 3.).'7 2,006 2.C7 .20 101 0.0.3 0.023 -

1" 2.01'. 2.%14 (12 . 1 , ;^02 1'. 0.' C
14. 2_';7 (.Q06 (.026 )C.1
'3 2. '--9 .('11 0.1010.171 2 1 .0-005 .7- 025
12 i.-21, I.1.01 0.Z^3 (.003 18 0.ý11' 0.'l1 -4

111.038 0. 1OF 0.200C - 0.1214 -

10 0.011I 0.111 -. - 6 .', A

I 0,122C 0.020 -

8 0. 034 - - n,.20 n.,r2O 20 15.02- 15.724 13.00'. 13.>.0-
I? 14.-c.; 13.C,2 12.012- 11.C2.

7 19 4.013 4.013 3.1,2, 3.^u'2 1ý 12.032 ((10 0.OC- 0.093
ta 4.o,.7 3.210.+ 3.,-.D2 3.2.Y/ 11,14'. 10.0-2C 9.23; 8.1'
17 3.328 2. 706 2.. .5 (1 t16 07.1 9.7'24 7. 21,1- 7.32.
.6 2.C1 .1. .7 1. .1 8,7 .12 6.11 5-2
15 2.128 (.005+ 1~2S 1~o 8 61 5 *
1-. 1.)11 1.311 0.001, 0.001 03 6 os 5 !'. 4. 4.
i3 .21 101 .~ 0.2' 1C I_'4 3.'-4 3.
12, (.C3' . 0. 0.20. -1 4.- 4. 0,. 3.~
11 0-110- 0. C1i0- 0.1- -4 3 -' 2.
11 0.017 0.017 - - '. 4

-.ý - -7 0:2 (0.)2 n.^74 0'

1Q 4.050 3.009 3.>''. 2.071 5 14 00"
19 3.031 2.140.+ 2.-C0. I.- ,

.7 2015k2.01. (002 .20210 0 15.0.7 (4.'-' (3 (2.0
162. C, (.206 (1 . 0, .001C 1) 13.03) ( '. ( 8 (

'5 .1-2 1.ý21 0.)01 0.0-17 L. 0'
1- (02' (.02 0.717 0 .00 10. L172 9.:)-, 8. 7

131.,ý17 5.0~070 6 90' ' 6

12- 0.112-01i9- 0.1- 2 0 .-' 7 8 ..

21. 34 . 0.22 -ý 1.: 7..> 60.
17 0228 - - 2' 6. 3 5 0.

0.1'.5* -- - 12 50. 4 . 3 * 2

2-6 RO.1 duc1 3 2 r
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rTP 3-1-005
I March 1972

TAKLE 8-16 continued

TAULES FOR TESTING SIGNIFICANCE IN 2 X 2 TASLES

Significance Level Signifkcance Level

0.05 0.025 0.01 0.05 0.05 0.025 0.01 .. 25

a1  (0.10) (0.05) (0.02) 5.01) a (0.10) (0.0-5) (0.C2) t0.'.!)

n,=20 n 2,18 20 14.041 13.017 12.007 11.003 n,=2) r.5 13 4.028 3.31.- 3.010- 2.'"3
19 •2.032 11.014 10.006 9.0C2 12 3.020 3.020 2.oo: 1.C.2.

I 11.043 10.020 q.C08 9.003 3i 3.039 2.013 1.003 t.02.,

17 10.050- 9.024 7.OC4 7.004 10 2.026 1.007 I.0C• 0.011

16 8.026 7.011 6.005- 6.005- r 2.0". 1.015- 0.oc2 0.c•?
15 7.027 6.012 5.004 5.004 1 1.)29 0.005+ 0.00+.
14 6.026 5.011 4.004 4.OC4 7 0.312 0.012 -

13 5.024 5.024 4.009 3.003 6 0.02 0? O. -2

12 5.017 4.020 3.007 2.002 0.048 - -
11 4.041 3.016 2..Ots 1.001
10 3.033 2.Q•12 1.003 1.^03 .4 25 I0.02' 10.022 9.007 8o 2'
9 2.024 2.024 1.007 0.001 19 9.532 8.0!2 7.QO4 7.,2,
a 2.0,48 1.015- 0.002 0.003 '£ 8.)"* 7.31. 6.oo:- 6
7 1.031 0.006 0.006 - ' 7.0- 6.0:3 5.r7- 5.,-

6 0.014 0.0114 - e 6.ni 5..1: 4.:
5 0.031 - -5 -. 12 :0 ý .: 3

4.320 4.02n . 2
17 20 13,036 12.01 11.005+ 10.002 13 4.-..c 3.Tý,5- 2.O .- 2 'e"

19 11.026 10.011 9.004 9.c00 12 3.',-: 2.0vg 2. 0_:, I
18 10.034 9.015- 8.006 7.00? 11 2 . i, 2,C,, I .,j 5 I
17 9,.038 8.017 7.007 S.C03 1 2. I .,1- I.C- 0.
16 8.040 7.018 6.007 S.-03 3 I .,^ 1.01) 0 .". 0.Z:?
15 7 .039 6.017 5.907 4 . ,,2 .j I .• ", 0 C - ' • ! 7

14 6.037 5.01 4.::6 3.132 0.-14 0-1l

13 5.033 4.013 3.CO!- 3.-05- £ .

12 4.028 3.010. 2.003 2.203

11 3.022 3.022 2.C07 2 I .23 :3 9." 9. 8. '
10 3.042 2.015+ 1.004 1.004 :; 8 .. - 8. 25- 7. N: 6.:.•

9 2.031 1.009 1.009 0.001 , 7..', 6. ý2 6'.', 5-:3

8 1.019 1.019 0.0013 0. -2 7 , 6 ... 6..-'.. 5-Dq 4-
7 1.027 0.008 0.2A8 5.-,. 5. - 3•. • --
6 0.017 0.017 -L ,. 41 410+ 3.'"- 3.:;' -
5 0 .036 - 4.- . 3.-. 2.ý:, 2.

" 3. % . .. 23 I.
16 2f 12.031 1.012 10. 0'. I1. ' 1. 3. ',- 4 2.1- If - , 1---

19 11.049 10.021 9.302 8 ,2'' :r -, . ,, 0
1i 9.0,6 8,011 7.c. 7. : 2,. I.i '. 0.
17 8.028 7.012 6 .. 6.•C• 1 1.", 0.". 0.- 0.-
16 7.¢29 6,012 5 .- 4 5. , i 01 . ,. 00.

15 6.026 5.Ull 4.C4 4. ,- 4 0. 0p 0.11t
14 5.023 5.023 . .3 0 -
13 5.346 4.01q 3 .27 2.-'
I.' 4.03A 3.014 2.- 2. : : 7 7.
11 3.C29 2.1-:•-1--: I.7 7 & 6. - 5.
10 2.025 2.ý20 I.ý 0 1- 6 53.o 6.": 4.

S2.039 ,11 o.0 , .1 0 P 6 . 5. 4.
. . .5. 4 3.- ..

7 1.045 , 0... 0 4 :. 3.' 32 "
6 0.020 0.i22l 4".'-3

5 0. . 2. - -

15 20111.:26 10.229 I0.-0- 9. 0.
10 9.1 I I 0. 0.

18 9.-46 8.'1) 7-2-a 6. . . 0 0

-7 8.:4' 7.:22 6.- 5, .S 0.1 0
16 7.ý45- 6.0 3 5- 0- 0 .0

15 6.0%10 5.0O 4,.: 3. 0.

____________,4j 5.034 4.213 3 3:,I_ __
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MTP 3-1-005
1 March 1972

TARLE 0-16 continued

TABLES FOR TESTING SIGNIFICANCE IN 2 X 2 TABLES

Signiji rcr.se Level Sign .f.! ance Level

0.05 U.025 5 0.05 % 2C .1-a
.-.. (0.10) (2.c5) (,3 , ) (• i~) ('1 ( .1 ) ( o.r" (C ) U .2)

n.20 n•=1C 8.037 7.C:o, 6.ji 6.:03 NC -. I'-. 20 4.012 4.012 3. 1 .
.q2 19 7.)q2 6. 3 s .- 5' S' , 19 4.04; 3. .O 3.. - 2.

I 0 6,30 7 5.C12 4 03 4. 'oI .1 3-,. 3 23 -
i7 5.029 4.2 L 3 2 i. 3 - 2. I "
16 4.021 4. 1 3. 3 ' 2 . 2. , 2 -.
15 4.042 3. ui. 2. 2' 2, 2 ',, 3 l. I 0"-4 0.
14 3.028 2.C'8 2. -/ I ,. . - lt I . )1, 0. 0.
13 2.-.,n 2.01t I. '- .1:, ),"q 0, i. 0..*' 0 .
12 2.329 1 - 7 I 00. •: '.. .0 0. .
11 I.oC , 1..1 0.- . 0. . 1 0. 1, 0.'I -

1.32C 0 . C * 0 0.,
j ..Oub 0.,8 . 0d .-

6 0.16 00.1b
7 0...9 .. ... 3.- 3.. 2. .-

3. 2. - 2. - 2.
10 20 7 .030 6 . .% r 6 . 5 _ 2 . 2 . . "-

1 6 . 0 31 5 5 5 . ' . 2 . I .2 . , . I . .
18 S.026 4• w7 4 " 3. 0 . - 1 . - , - 0.!

4.313 4. .. j - 3. ,,- ' ll l ... O.
4 . 1. j 3. 1 z 2. 2.- I 0 C.. 0..
3.02 3..... 2. I7 0 0 .0.- -

. 325- I.20.-. 2. I

i.t 37 0. 0. 2. 2. 2.

0.0 i 0.' 1.

2 ..- 2 . .. 0.2.
.2 - . . 0 , . 00.' 0.

3. 1 0. ,: 1 $ 00:.. 0....

, . . 0 0. 0.

S0.0, 0 0. - .-

01 0. 0.

3. i 2. 2 0. 0 --O

3.' 0. •0 j 0

00

5.S 5. : 4, " 4•. 2

4, 4 3 . , .. o ,. 0.. ..

. 0 . O. . 0. 0.. 0.

2 .... .... 0.. 0.. 7

2.- 7 0. '0 0.- 0.

0~0--- 0.0..K ~

0 2- Ic.!- °-
, ., ?3 ., 3. 2. 1. 0.0

3. 3. 2 ------

2. 2 : ' - . +,I ~ ! , 0. ,.. . .

1. 1 o erouedFo
Bes Avial Co.



MTP 3-1-005
1 March 1972

TABLE B-17

OUTLIER

Table of percentage points for s" and s2

s2 92

N (FIRST OUTLIER CV) (SECOND OUTLIER CV)

.99 .975 .95 .90 .99 .95 .90

3 .0002 .0014 .0054 .0218 NA NA NA

4 .3150 .0372 .0741 .1463 .0000 .0024 .0093

5 .0589 .1077 .1693 .2645 .0070 .03bc .0752

6 .1160 .1816 .2540 .3533 .0310 .0947 .1535

7 .1736 .2479 .3235 .4204 .0660 .1530 .2219

8 .2273 .3052 .3804 .4725 .1050 .2069 .2792

9 .2755 .3544 .4277 .5145 .1442 .2545 .3272

10 .3185 .3967 .4673 .5491 .1833 .2964 .366.

11 .3568 .4334 .5012 .5782 .2170 .3333 .4033

12 .3909 .4655 .5304 .6031 .2498 .3662 .4342

13 .4215 .4940 .5560 .6248 .2800 .3954 .4612

14 .4490 .5191 .5785 .6437 .3079 .4217 .4852

15 .4740 .5417 .5987 .6606 .3335 .4454 .5069

16 .4965 .5621 .6166 .6756 .3574 .4671 .5264

17 .5171 .5805 .6329 .6892 .3796 .4871 .5461

18 .5359 .5972 .6476 .7014 .4001 .5049 .5603

19 .5532 .6125 .6610 .7126 .4191 .5216 .5752
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MTP 3-1-005
1 March 1972

TABLE B-17 continued

N .99 .975 .95 .90 .99 .95 .90

20 .5693 .6267 .6733 .7228 .4369 .5369 .5889

21 .5840 .6396 .6846 .7324 .4536 .5512 .6017

22 .5977 .6516 .6952 .7411 .4692 .5645 .6134

23 .6104 .6628 .7048 .7492 .4838 .5768 .6245

24 .6224 .6732 .7139 .7567 .4976 .5885 .6347

25 .6335 .6829 .7224 .7636 .5105 .5995 .6443

30 .7232 .7569 .7924

35 .7540 .7827 .8142

40 .7776 .8035 .8316

45 .7969 .8203 .8458

50 .8129 .8342 .8575

55 .8264 .8462 .8674

60 .8377 .8560 .8755

70 .8565 .8724 .8895

80 .8709 .8850 .9003

90 .8827 .8955 .9089

100 .8922 .9038 .9161

200 .9390 .9451 .9513

500 .9719 .9746 .9771

1000 .8946 .9859 .9872

2-72
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MP 3-1-005
1 Harch 1972

TABLE B-17 continued

NOTE: For values between large samples, use linear interpolation;
i.e., N - 53 and a - .05:

50 -.8342

5 .0120

5(x) = 3(.nl120)

.036
X --

5

= .0072

Therefore, ada .0072 to .8342 giving CV = .8414
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MTP 3-1-005
1 March 1972

TABLE B-18 *

RELIABILITY: SUCCESS - FAILURE

Number of failures - 0
Reliability Confidence Level

.99 .95 .90 .85 .80 .70 .60.99 459 299 230 189 161 120 92.98 228 149 114 94 80 60 46.97 .52 99 76 63 53 40 31.96 113 74 57 47 40 30 23.95 90 59 45 37 32 24 18.94 75 49 38 31 27 20 15.93 64 42 32 27 23 17 13.92 56 36 28 23 20 15 11.91 49 32 25 21 1i 13 10.90 44 29 22 19 16 12 9.89 40 26 20 17 14 11 8.88 37 24 19 15 13 10 8.87 34 22 17 14 12 9 7.86 31 20 16 13 11 8 7.85 29 19 15 12 10 8 6.84 27 18 14 11 10 7 6.83 25 17 13 11 9 7 5.82 24 16 12 10 9 7 5.81 22 15 11 10 8 6 5.80 21 14 11 9 8 6 5

Number of failures = 1
Reliability Confidence Level

.99 .95 .90 .85 .80 .70 .60.99 662 473 388 337 299 244 202.98 330 236 194 168 149 122 101.97 21q 157 129 112 99 81 67.96 164 117 96 84 74 61 51.95 130 93 77 67 59 49 40.94 108 78 64 56 49 40 34.93 92 66 55 47 42 35 29.92 81 58 48 41 37 30 25.91 71 51 42 37 33 27 22.90 64 46 38 33 29 24 20.8Q 58 42 34 30 27 22 18.88 53 38 31 27 24 20 17.87 49 35 29 25 23 19 16.86 45 32 27 23 21 17 14.85 42 30 25 22 19 16 13.84 39 28 23 20 28 15 13.83 37 26 22 19 17 14 12.82 34 25 21 18 16 13 11.81 33 24 19 17 15 13 11.80 31 22 18 16 14 12 10
*See page 2-125 for .75 confidence level.
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MTP 3-1-C051 Parch 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 2Reliability 
Confidence Level

.99 .95 .90 .85 .80 .70 .60.99 838 628 531 471 427 361 310.98 418 313 265 235 213 180 155.97 277 208 176 157 142 120 103.96 207 156 132 117 106 90 78.95 165 124 105 94 85 72 62.94 137 103 88 78 71 60 52.93 117 88 75 67 60 51 44.92 102 77 65 58 53 45 in.91 91 68 58 52 47 40 34.90 81 61 52 46 42 36 31.89 74 56 47 42 38 33 28.88 67 51 43 38 35 30 26.87 62 47 40 35 32 27 24.86 57 43 37 33 30 25 22.85 53 40 34 31 28 24 21.84 50 38 32 29 26 22 19.83 47 35 30 27 24 21 18.82 44 33 28 25 23 20 17.81 41 31 27 24 22 19 16.80 39 30 25 23 21 18 15

Number of failures 3Reliability 
Confidence Level

.99 .95 .90 .85 .80 .70 .60.99 1001 773 667 600 551 476 417.98 499 386 333 300 275 238 209.97 332 257 221 199 183 158 139.96 248 192 166 149 137 119 104.95 198 153 132 119 110 95 83.94 164 127 110 99 91 79 69.93 140 109 94 85 78 68 60.92 122 95 82 74 68 59 52.91 109 84 73 66 60 53 46.90 97 76 65 59 54 47 42.89 88 69 59 54 49 43 38.88 81 63 54 49 65 39 35.87 74 58 50 45 42 36 32.86 69 53 46 42 39 34 30.85 64 50 .3 39 36 31 28.84 60 47 40 37 34 29 ?6.83 56 44 38 34 32 28 24.82 53 41 36 32 30 26 23.81 50 39 34 31 28 25 22.80 47 37 32 29 27 23 21
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HTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 4Reliability 
Confidence Level

.99 .95 .90 .85 .80 .70 .60.99 1157 913 798 726 671 589 524.98 577 456 398 362 335 294 262.97 383 303 265 241 223 196 174.96 287 227 198 181 167 147 131.95 229 181 158 144 134 117 105.94 190 150 132 120 111 98 87.93 162 129 113 103 95 84 75.92 142 112 98 90 83 73 65.91 126 100 87 80 74 65 58.90 113 89 78 72 66 58 52.89 102 81 71 65 60 53 47.88 93 74 65 59 55 49 44.87 86 68 60 55 51 45 40.86 79 63 56 51 47 42 37.85 74 59 52 47 44 39 35.84 69 55 48 44 41 36 33.83 65 52 45 42 39 3' 31.82 61 49 43 39 36 3' 29.81 58 46 40 37 34 31 27.80 55 44 38 35 33 29 26
Number of failures = 5

Reliability 
Confidence Level.99 .95 .90 .85 .80 .70 .60.99 1307 1049 926 848 790 700 629.98 652 523 462 423 394 350 314.97 433 348 308 282 263 233 210.96 324 261 230 211 197 175 157.95 259 208 184 169 157 140 126.94 215 173 153 140 131 116 105.93 184 148 131 120 112 100 90.92 160 129 114 105 98 87 78.91 142 115 101 93 87 77 70.90 127 103 91 84 78 70 63.89 116 93 83 76 71 63 57.88 106 85 76 69 65 58 52.87 97 79 70 64 60 53 48.86 90 73 65 59 55 50 45.85 84 68 60 55 52 46 42.84 78 63 56 52 48 43 39.83 73 59 53 49 46 41 37.82 69 56 50 46 43 38 35.81 65 53 47 43 41 36 33.80 62 50 45 41 39 34 3i
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rTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 6Reliability 
Confidence Level

.99 .95 .90 .85 .80 .70 .60.99 1453 1182 1051 969 906 811 734.98 725 590 525 484 453 405 367.97 482 392 349 322 301 270 245.96 360 294 262 241 226 202 183.95 288 234 209 193 180 162 147.94 239 195 174 160 150 135 122.93 204 167 149 137 129 115 105.92 178 146 130 120 112 101 92.91 158 129 115 106 100 90 81.90 142 116 104 96 90 81 73.89 129 105 94 87 81 73 67.88 118 96 86 79 75 67 61.87 108 89 79 73 69 62 56.86 100 82 73 68 64 57 52.85 93 76 68 63 59 53 49.84 87 71 64 59 56 50 46.83 82 67 60 56 52 47 43.82 77 63 57 r2 49 44 41.81 73 60 54 50 47 42 38.80 69 57 51 47 44 40 37

Number of failures = 7Reliability 
Confidence Level

•99 .95 .90 .85 .80 .70 .60.99 1596 1312 1175 1088 1022 920 839.98 796 655 587 543 511 460 419.97 529 436 390 362 340 306 279.96 396 326 292 271 255 230 210.95 316 260 234 216 204 184 168.94 263 217 194 180 169 153 140.93 225 185 166 154 145 131 120.92 196 162 .45 135 127 114 105.91 174 143 129 120 113 102 93.90 156 129 li1t 107 101 91 84.89 141 117 105 98 92 83 76.88 129 107 96 89 84 76 70.87 119 98 89 82 7? 70 64.86 1i0 91 82 76 72 65 60.85 103 85 77 7- 67 61 5b.84 96 79 72 67 63 57 52.83 90 75 67 63 59 54 49.82 85 70 63 59 56 51 46.81 80 66 60 56 53 48 44.80 76 63 57 53 50 45 42
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 8
Reliability Confidence Level

.99 .95 190 .85 .80 .70 .60
.99 1736 1441 1297 1206 1137 1029 943
.98 866 719 648 602 568 514 471
.97 576 478 431 401 378 343 314
.96 431 358 323 300 283 257 236
.95 344 286 258 240 226 205 188
.94 286 238 215 200 188 171 157
.93 244 203 184 171 161 146 135
.92 213 178 160 149 141 128 118
.91 189 158 142 133 125 114 105
.90 170 142 128 119 113 102 94
.89 154 128 116 108 102 93 6
.88 141 117 106 99 94 85 78
.87 130 108 98 91 86 79 72
.86 120 100 91 85 80 73 67
.85 112 93 85 79 75 68 63
.84 104 87 79 74 70 ý4 59
.83 q8 82 74 69 66 60 55
.82 92 77 70 65 62 57 52
.81 87 73 66 62 59 54 49
.80 83 69 63 59 56 51 47

Number of failures = 9
Reliability Confidence Level

.99 .95 .90 .85 .80 .70 .60
.99 1874 1568 1418 1323 1251 1138 1047
.98 Q35 782 708 661 625 569 524
.97 662 521 471 440 416 379 349
.96 465 390 353 330 312 284 262
.95 37] 311 282 263 249 227 209
.94 309 259 235 219 207 189 174
.93 264 221 201 188 178 162 149
.92 230 193 175 164 155 142 131
.91 204 172 156 146 138 126 116
.90 183 154 140 131 124 113 105
.89 166 140 127 119 113 103 95
.88 152 128 116 109 103 94 87
.87 140 118 107 100 95 87 80
.86 130 109 99 93 88 8] 75
.85 121 102 93 87 82 75 70
.84 113 95 87 81 77 70 65
.83 106 89 81 76 72 66 61
.82 100 84 77 72 68 63 58
.81 94 80 73 68 65 59 55
.80 89 76 b9 65 61 56 52
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 10Reliability 
Confidence Level

.99 .95 .90 .85 .80 .70 .60.99 2010 1,;03 1538 1439 1364 1246 1151.98 1003 845 768 719 681 623 576.97 667 562 511 479 454 415 384.96 499 421 383 359 340 311 288.95 398 336 306 256 272 249 230.94 331 280 255 238 226 207 192.93 283 239 218 204 194 177 164.92 247 209 190 178 169 155 144.91 219 185 169 158 150 138 128.9n 197 167 152 142 135 124 115.89 178 151 138 129 123 113 104.88 163 138 126 118 112 103 96.87 150 127 116 109 104 95 88.86 139 118 108 101 96 88 82.85 130 110 100 94 90 82 76.84 121 103 94 88 84 77 72.83 114 97 88 83 79 73 67.82 107 91 83 78 74 68 64.81 101 86 79 74 70 65 60.80 96 82 75 70 67 62 57

Number of failures = 1i
Reliability 

Confidence Level
.99 .95 .90 .85 .80 .70 .60.99 2144 1818 1658 1555 1476 1354 1255.98 1070 907 828 777 737 677 627.97 712 604 551 517 491 451 418.96 532 452 413 387 368 338 314.95 425 361 330 310 294 270 251.94 353 300 274 258 245 225 209.93 302 257 235 221 210 193 179.92 264 224 205 193 183 169 i57.91 234 199 182 171 163 150 139.90 210 - 164 154 146 125 125.99 190 ]0,2 149 140 133 122 114.88 174 149 36 128 122 112 104.87 160 137 125 118 112 103 96.86 14Q 127 116 109 104 96 89.85 138 118 108 102 97 90 83.84 129 ill 101 Q5 91 84 78.83 121 104 Q5 90 85 79 74.82 114 98 90 85 81 74 69.81 108 Q3 85 80 76 70 66.80 102 88 81 76 72 67 62
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1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 12
Reliability 

Confidence Level

.99 .95 .90 .85 .80 .70 .60.99 2277 1941 1776 1670 1588 1461 1359.98 1136 969 887 834 793 730 679.97 756 645 590 555 528 487 453.96 566 483 442 416 396 365 339.95 451 386 353 332 316 292 271.94 375 321 294 277 263 243 226.93 321 274 252 237 226 208 194.92 280 240 220 207 197 182 170.91 249 213 195 184 175 162 151.90 223 191 175 165 157 145 136.89 202 173 159 150 143 132 123.88 185 159 146 137 131 121 113.87 170 146 134 127 121 112 104.86 158 136 125 117 112 104 97.85 147 126 116 109 104 97 90.84 138 118 109 103 98 91 85.83 129 ill 102 96 92 85 80.82 122 105 96 91 87 80 75.81 115 99 91 86 82 76 71.80 109 94 86 82 78 72 68

Number of failures = 13Reliability 
Confidence Level

.99 .95 .90 .85 .80 .70 .60.99 2409 2064 1893 1784 1700 1569 1492.98 1202 1030 945 891 849 784 731.97 800 686 629 593 566 522 487.96 598 513 471 444 424 392 365.95 478 410 377 355 339 313 292.94 397 341 313 296 282 261 243.93 340 292 268 253 242 223 209.92 297 255 234 221 211 195 182.91 263 226 208 196 187 174 162.90 716 203 187 177 169 156 146.89 ?14 184 170 160 153 142 133.88 19% 169 155 147 140 130 122.87 180 156 143 135 129 120 112.8b 167 144 133 126 120 il 104.85 156 134 124 117 112 104 97.814 146 ]26 116 110 105 97 91.83 137 118 109 103 98 91 86.82 129 1il 103 97 93 86 81.81 122 105 97 92 88 82 77.80 115 100 92 87 83 78 73
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 14Reliability 
Confidence Level

.99 .95 .90 .85 .80 .70 .60.99 2539 2185 2010 1898 1811 1676 1565.98 1267 1091 1004 948 905 837 783.97 843 726 668 631 603 558 522.96 631 544 501 473 452 418 391.95 504 '34 400 378 361 334 313.94 419 361 333 315 300 279 261.93 358 309 285 269 257 239 223.92 313 270 249 235 225 209 195.91 277 240 221 209 200 185 174.90 249 215 199 188 180 167 156.89 226 195 180 171 163 151 130.88 207 179 165 156 149 139 130.87 190 165 152 144 138 128 110.86 176 153 141 134 128 119 111.85 164 142 132 125 119 111 104.84 ]54 133 123 117 112 104 98.83 144 125 116 110 105 98 92.82 136 118 109 103 99 92 87.81 128 112 103 98 94 87 82.80 122 106 98 93 89 83 78

Number of failures = 15Reliability 
Confidence Level

.99 .95 .90 .85 .80.99 2704 2343 2140 2013 1917.98 1348 1169 1069 1006 958.9W 896 778 711 670 628.96 670 582 533 502 478.05 535 465 426 401 382.94 445 387 354 334 318.93 380 331 303 286 273.92 332 289 265 250 238.91 294 256 235 222 212.90 264 21n 211 199 190.89 239 209 192 101 173.88 219 191 176 166 158.87 201 176 162 153 146.86 186 163 150 142 135.95 173 152 140 132 126.84 162 142 131 124 118.83 152 134 123 116 111.82 143 126 116 110 105.81 135 119 110 104 09.80 128 113 104 99 94
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures = 16
Reliability Confidence Level

.99 .95 .90 .85 .80.99 2832 2463 2256 2126 2028.98 1412 1229 1126 1062 1013
.97 939 818 750 707 675
.96 702 612 562 530 506
.95 560 489 449 423 404
.94 466 407 373 352 337.93 398 348 320 302 288
.92 347 304 279 264 252.91 308 270 248 234 224
.90 27b 242 223 211 201
.89 251 220 202 191 183
.88 229 201 185 175 167.87 211 185 171 161 154
.86 195 172 158 150 143
.85 182 160 147 140 134
.84 170 150 138 131 125
.83 159 141 130 123 118.82 150 133 122 116 111
.81 142 125 116 110 105
.80 134 119 110 104 100

Number of failures 17
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 2960 2582 2371 2238 2138.98 1476 1289 1184 1118 1068
.97 981 858 788 745 711.
.96 734 642 590 558 533.95 586 513 472 446 426
.94 487 427 393 371 355.93 416 365 336 318 304
.92 363 319 294 278 266
.91 322 283 261 247 236
.90 28q 254 234 222 212.89 262 231 213 201 193
.88 240 211 195 184 177.87 221 194 179 170 163
.86 204 180 166 158 151
.85 19O 168 155 147 141.84 178 157 145 138 132
.83 167 148 136 129 114
.82 157 139 129 122 117.81 148 131 122 116 131
.80 141 125 115 H10 105
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6

MTP 3-1-005
1 March 1972

TABLE B-13 continued

RELIABILITY: STCCESS - FAILURE

Number of failureb - 18
Reliability 

Confidence 1,eve:

.99 .95 .90 .85 .80.99 3086 2701 2486 2351 2247.98 1539 1248 1241 1174 112;.97 1024 897 827 782 74S.96 766 672 611: 586 5hl.95 611 536 495 463 448.94 508 446 412 390 373.93 434 332 352 334 320.92 379 334 308 292 279.91 336 296 27 3 259 248.90 302 266 24(, 233 223.89 273 241 223 212 2n3.88 250 221 204 194 18',.87 230 203 188 179 ill.86 213 189 175 166 159.85 198 176 163 154 1.8 d.84 135 164 152 143 131).83 174 154 143 136 131.82 164 146 135 128 123.81 155 138 128 12I 117.80 147 131 121 115 1ii

Number (cf failures = 19Reliabi litv Confidencc Luvel

.99 .95 .Of .. ).99 3212 2813 26rW, ) 2' 2 23-.98 1602 1407 120 .) 117.97 1P66 937 ,6 81 " 78...96 797 7(H 641 5 .P.95 636 fo() 51 7 7,.94 529 4',6 ,1 3W,

.92 19(5 3 4 12! 3 :.,.91 35() 1(< 2.,, 2 7,,.90 31.• 2 237 .* . 2.).8 9 - ), 2 3 2 ) . . 2

-. .21 ý

.88 200) .? 1 21a ,' I,

.97 240 212 ly7 is
.85 .)fl7 81 1 7l 7- ,.I"

834 115' 20

.82 171 4,

.812-

.30 I3 13t 12711



//

MTPý 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 20
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 3338 2937 2714 2574 2466
.98 1665 1466 1356 1286 1232
.97 1107 976 903 586 821
.96 828 731 676 642 615
.95 661 584 540 513 492
.94 550 486 450 427 410
.93 470 415 385 366 351
.92 410 363 336 320 307
.91 364 322 299 284 272
.90 327 289 268 255 245
.89 296 263 244 232 223
.88 271 240 223 212 204
.87 249 221 206 196 188
.86 231 205 191 181 174
.85 215 191 178 169 163
.84 201 179 166 158 152
.83 189 168 156 149 143
.82 178 159 148 141 135
.81 168 150 140 133 128
.80 159 142 132 126 122

Number of failures - 21
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 3462 3055 2828 2685 2575
.98 1727 1525 1412 1341 1287
.97 1149 1015 940 893 857
.96 860 760 705 669 642
.95 686 607 563 535 514
.94 570 505 469 445 428
.93 488 432 401 381 366
.92 426 378 351 333 320
.91 377 335 311 29o 284
.90 339 301 280 266 256
.89 307 273 254 242 232
.88 281 250 233 221 213
.87 259 230 214 204 196
.86 240 214 199 189 182
.85 223 199 185 177 170
.84 209 186 173 165 159
.83 196 175 163 155 150
.82 185 165 154 147 141
.81 174 156 1i46 139 134
.80 165 148 138 132 127
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 22
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 3587 3172 2942 2796 2684
.98 1789 1584 1469 1397 1341
.97 1190 1054 978 930 894
.96 890 789 733 697 670
.95 711 630 586 557 535
.94 591 525 487 464 446
.93 505 449 417 397 382
.92 441 392 365 347 334
.91 391 348 324 308 297
.90 351 313 291 277 267
.89 318 284 264 252 242
.88 291 260 242 231 222
.87 268 239 223 213 205
.86 248 222 207 197 190
.85 231 207 193 184 177
.84 216 193 181 172 166
.83 203 182 170 162 156
.82 191 171 160 153 147
.81 181 162 151 145 139
.80 171 154 144 137 132

Number of failures - 23
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 3710 3289 3055 2907 2793
.98 1851 1642 1526 1452 1396
.97 1231 1093 1016 967 930
.96 921 818 761 725 697
.95 735 654 608 579 557
.94 611 544 506 482 464
.93 523 465 433 413 397
.92 456 407 379 361 347
.91 405 361 336 321 309
.90 363 324 302 288 278
.89 330 294 274 262 252
.88 301 269 251 240 231
.87 278 248 232 221 213
.86 257 230 215 205 198
.85 239 214 200 191 184
.84 224 201 188 179 173
.83 210 189 176 168 162
.82 198 178 166 159 153
.81 187 168 157 150 145
.80 177 159 149 143 138
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 24
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 3834 3406 3168 3017 2902
.98 1913 1700 1582 1507 1450
.97 1272 1132 1054 1004 966
.96 952 848 789 752 724
.95 760 677 631 601 579
.94 632 563 525 501 482
.93 540 482 449 429 413
.92 472 421 393 375 361
.91 418 374 349 333 321
.90 376 336 313 299 288
.89 341 305 285 272 262
.88 312 279 261 249 240
.87 287 257 240 230 221
.86 266 238 223 213 205
.85 248 222 208 199 192
.84 232 208 195 186 179
.83 217 195 r' 183 175 169
.82 205 184 172 165 159
.81 194 174 163 156 151
.80 183 165 155 148 143

Number of failures = 25
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 3956 3522 3280 3127 30.0
.98 1974 1758 1638 1562 1504
.97 1313 1170 1091 1041 1002
.96 983 876 817 780 751
.95 784 700 753 623 600
.94 652 583 544 519 500
.93 558 499 465 444 428
.92 487 436 407 389 374
.91 432 387 361 345 333
.90 388 347 325 310 299
.89 352 315 295 282 272
.88 322 289 270 258 249
.87 296 266 249 238 230
.86 275 247 231 221 213
.85 256 230 215 206 199
.84 239 215 201 193 186
.83 224 202 189 181 175
.82 212 191 179 171 165
.81 200 180 169 162 156
.80 189 171 160 154 148
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NTP 3-1-0051 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 26
Reliability Confidence Level

.99 .95 .90 .85 .80.99 4079 3637 3393 3237 3113.98 2035 1816 1695 1617 1558
.97 1354 1209 1128 1077 1038
.96 1013 905 845 807 778.95 809 723 676 645 622
.94 673 602 562 537 518
.93 575 515 481 460 444
.92 502 450 421 402 388
.91 445 399 374 357 345.90 400 359 336 321 310.89 363 326 305 292 282.88 332 298 279 267 258.87 306 275 257 246 238.86 283 255 239 229 221.85 264 237 223 213 206.84 247 222 208 200 193.83 232 209 196 188 181.82 218 197 185 177 171.81 206 186 175 168 162
.80 195 177 166 159 154

Number of failures- 27
Reliability Confidence Level

.99 .95 .90.99 4201 3753 3505 3347 3226.98 2096 1874 1751 1672 1612.97 1394 1247 1166 1114 1074.96 1044 934 873 835 805.95 833 746 698 667 644.94 693 621 581 556 536
.93 593 532 497 476 459.92 517 464 435 416 401.91 459 412 386 369 357.90 412 370 347 332 321.89 374 336 315 302 291.88 342 308 289 276 267.87 315 284 266 255 246.86 292 263 247 236 228
.85 272 245 230 220 213.84 254 229 215 206 200.83 239 216 202 194 188.82 225 203 191 183 177.81 213 192 181 173 168.80 201 182 172 165 159
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures 28
Reliability Confidence Level

.99 .95 .90 .85 .80.99 4322 3868 3617 3457 3334
.98 2157 1931 1807 1727 1666
.97 1435 1286 1203 1150 1110
.96 1u74 963 901 862 832
.95 857 769 720 689 665
.94 713 640 600 574 554
.93 610 548 513 491 474
.92 532 479 449 430 415
.91 472 425 398 382 369
.90 424 382 358 343 331
.89 385 347 325 312 301
.88 352 317 298 285 276
.87 324 292 275 263 254
.86 300 271 255 244 236
.85 280 253 237 228 220
.84 262 237 222 213 206
.83 246 222 209 2C1 194
.82 232 210 197 189 183
.81 219 198 187 179 173
.80 207 188 177 170 165

Number of failures - 29
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 4443 3983 3729 3566 3442
.98 2217 1989 1862 1782 1720
.97 1475 1324 1240 1187 1146
.96 1104 992 929 889 859
.95 881 792 743 711 687
.94 733 659 618 592 572
.93 627 564 529 507 490
.92 548 493 463 443 428
.91 486 438 411 394 380
.90 436 393 369 354 342
.89 396 357 335 322 311
.88 362 327 307 294 285
.87 333 301 283 272 263
.86 309 279 263 252 244
.85 288 260 245 235 227
.84 269 244 229 220 213
.83 253 229 216 207 200
.82 238 216 203 195 189
.81 225 204 192 185 179
.80 213 194 183 175 170
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STP 3-1-005
1 March 1972

TABLE 11-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 30
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 4564 4098 3840 3676 3549
.98 2278 2046 1918 1836 1774
.97 1515 1362 1277 1223 1182
.96 1136 1020 957 917 886
.95 906 815 765 733 708
.94 753 678 637 610 590
.93 644 581 545 523 505
.92 563 507 477 457 442
.91 499 450 423 406 392
.90 468 405 380 365 353
.89 407 367 345 331 321
.88 372 336 316 304 294
.87 343 310 292 280 271
.86 317 287 271 260 251
.85 296 268 252 242 234
.84 277 251 236 227 220
.83 260 236 222 213 207
.82 245 222 209 201 195
.81 231 210 198 191 185
.80 219 199 188 181 175

Number of failures - 31
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 4685 4213 3952 3785 3657
.98 2338 2104 1974 1891 1827
.97 1555 1400 1315 1260 1217
.96 1164 1049 985 944 913
.95 930 838 787 755 730
.94 773 697 655 628 608
.93 661 597 561 538 520
.92 577 522 490 470 455
.91 512 463 435 418 404
.90 460 416 391 376 364
.89 417 378 356 341 330
.88 382 346 326 313 303
.87 352 319 300 288 279
.86 326 296 278 267 259
.85 304 275 260 249 242
.84 284 258 243 234 226
.83 267 242 229 220 213
.82 251 229 216 207 201
.81 238 216 204 196 190
.80 225 205 194 186 181
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures- 32Reliability 
Confidence Level

.99 .95 .90 .85 .80.99 4805 4327 4063 3894 3764.98 2398 2161 2029 1946 1881.97 1595 1439 1352 1296 1253.96 1194 1077 1013 9il 939.95 954 861 809 776 751.94 793 716 674 646 625.93 678 613 577 554 536.92 592 536 504 484 468.91 526 476 448 430 416.90 472 427 403 387 374.89 428 388 366 351 340.88 392 355 335 322 312.87 361 327 309 297 287.86 334 304 286 275 267.85 311 283 267 257 249.84 291 265 250 240 233.83 274 249 235 226 219.82 258 235 222 213 207.81 244 22; 210 202 196.80 231 211 199 192 186
Number of failures - 33Reliability 

Confidence Level
.99 .95 .90 .85 .80.99 4925 444 1 4174 4003 3872.98 2458 2213 2085 2000 1935.97 1635 1476 1389 1332 1289.96 1224 1106 1040 998 966.95 977 884 831 798 772.94 813 735 692 665 643.93 695 629 593 569 551.92 607 550 518 498 482.91 539 488 460 442 428.90 484 439 414 397 385.89 439 398 376 361 350.88 402 365 344 331 320.87 370 336 317 305 296.86 343 312 294 283 274.85 319 291 274 264 256.84 299 272 257 247 240.83 281 256 241 232 225.82 265 241 228 219 213.81 250 228 216 208 201.80 237 216 205 197 191
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 34
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 5044 4555 4285 4112 3979
.90 2517 2275 2140 2054 1988.97 1675 j 1514 1425 1369 1325.96 1254 1134 1068 1026 993
.95 1001 906 854 820 794
.94 833 754 711 683 661
.93 712 646 608 585 566.92 622 564 532 511 495
.91 552 501 472 454 440
.90 496 450 425 408 396
.89 450 409 386 371 359.88 412 374 353 340 329
.87 379 345 326 313 304
.86 351 320 302 291 282.85 327 298 282 271 263
.84 306 279 264 254 246
.83 288 262 248 239 232
.82 271 247 234 225 219.81 256 234 221 213 207.80 243 222 210 202 197

Number of failures - 35
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 5164 4669 4395 4221 4086.98 2577 2331 2196 2109 2042.97 1715 1552 1462 1405 1360
.96 2184 1163 1096 1053 1020
.95 1025 929 876 842 815.94 853 773 729 701 679
.93 729 662 624 600 582
.92 637 578 546 525 509.91 565 513 485 466 452.90 508 461 436 419 406.R9 461 419 396 381 369
.88 421 384 362 349 338
.87 388 354 334 322 312
.86 360 328 310 298 290
.85 335 306 289 278 270
.84 314 286 271 261 253
.83 295 269 254 245 238
.82 278 254 240 231 225
.81 262 240 227 219 213
.80 249 228 216 208 202
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I

MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures = 36
Reliability Confidence Level

.99 .95 .90 .85 .80.99 5283 4782 4506 4329 4193.98 2637 2388 2251 2163 2095.97 1754 1590 1499 1441 1396.96 1313 1191 1123 1080 1046.95 1049 952 898 863 837.94 872 792 747 719 697.93 746 678 640 616 597.92 652 592 559 538 522.91 578 526 497 478 464.90 519 473 447 430 417.89 471 429 406 391 379.88 431 393 371 358 347.87 397 362 343 330 320.86 368 336 318 306 297.85 343 313 296 285 277.84 321 293 277 267 260.83 301 275 261 251 244.82 284 260 246 237 231.81 269 246 233 225 218.80 255 233 221 213 207

Number of failures 37
Reliability Confidence Level

.99 .95 .90 .85 .80.99 5402 4896 4616 4438 4300.98 2696 2445 2306 2217 2149.97 1794 1628 1536 1477 1432.96 1343 1219 1151 1107 1073.95 1073 9/4 920 885 858.94 892 811 766 737 715.93 763 694 656 631 612.92 667 607 573 552 535.91 591 538 509 490 475.90 531 484 458 441 428.89 482 439 416 400 389.88 441 1.0. 331 367 356
.87 406 371 351 338 328.86 377 344 326 314 305.85 351 321 304 293 284.84 328 300 284 274 266.83 303 282 267 258 250.82 291 266 252 243 236.81 275 252 239 230 224.80 261 239 227 219 213
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MTP 3-1-005 I1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 38
Reltiabilitt Confidence Level

.99 .95 .90 .85 .80
.99 5520 5009 4727 4546 4406.98 2755 2501 2361 2271 2202
.97 1833 1665 1573 1513 1467.96 1373 1248 1178 1134 1100
.95 1096 997 942 907 879.94 912 830 784 755 732
.93 80 710 671 647 627.92 rql 621 587 565 549
.91 601 551 521 502 487.90 543 495 469 452 438.89 49% 450 426 410 398.88 451 412 390 376 365.87 415 379 359 347 337
.86 385 352 333 322 312.85 359 328 311 300 291.84 336 307 291 281 273
.83 315 289 274 264 257.82 297 272 258 249 242.81 281 258 244 236 229.80 266 244 232 224 218

Number of failures - 39
Reliability Confidence Level

.99 .95 .90 .85 .80.99 5638 5122 4837 4654 4513.98 2814 2558 2416 2325 2255
.97 1873 1703 1609 1549 1503.96 1402 1276 1206 1161 1126
.95 1120 1019 964 928 901.94 931 848 802 773 750.93 797 726 687 662 643.92 696 635 601 579 562
.91 618 563 533 514 499.90 555 507 480 462 449.89 503 460 436 420 408
.88 461 421 399 385 374.87 424 388 368 355 345.86 393 360 341 329 320
.85 366 335 318 307 298
.84 343 314 298 288 280.83 322 295 280 270 263.82 304 278 264 242 235.81 287 263 250 242 235.80 272 250 237 229 223
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 40
Reliability Confidence Level

.99 .95 .90 .85 .80.99 5757 5235 4947 4762 4620
.98 2873 2614 2471 2379 2309
.97 1912 1741 1646 1585 1538.96 1432 1304 1233 1188 1153
.95 1143 1042 986 950 922.94 951 867 821 791 768
.93 814 742 703 677 658.92 711 649 614 592 575
.91 631 576 546 526 511.90 567 518 491 473 460
.89 514 470 446 430 418.88 470 430 408 394 383
.87 433 397 376 363 353.86 402 368 349 337 328.85 374 343 325 314 305.84 350 321 305 294 286
.83 329 302 287 277 269.82 310 285 270 261 254.81 293 269 256 247 241
.80 278 256 243 235 228

Number of failures 41
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 5874 5347 5057 4870 4726.98 2932 2670 2526 2433 2362.97 1951 1778 1683 1621 1574
.96 1461 1332 1261 1251 1180
.95 1167 1064 1G08 971 943
.9,; 971 886 839 809 785
.93 830 758 718 693 673.92 725 663 628 606 588.91 644 538 558 538 523.90 578 529 502 484 470
.89 525 480 455 440 427
.88 480 440 417 403 391.87 442 405 385 371 361
.86 410 376 357 345 33.85 382 350 333 321 313
.84 357 328 312 301 293.83 336 308 293 283 275
.82 317 291 276 267 260.81 299 275 262 25? 246.80 284 261 248 240 234
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PT? 3-1-005
I March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 42
Reliability Confidence Level

• 99 .95 .90 .85 .80
.99 5992 5460 5167 4978 4833.98 2991 2727 2581 2487 2415.97 1991 1816 1719 1657 1609
.96 1490 1360 1288 1242 1206.95 1190 1087 1030 999 964
.94 990 905 857 827 803.93 847 774 734 708 688.92 740 677 642 619 602
.91 657 601 570 550 535.90 590 540 512 495 481.89 535 490 465 449 437
.86 490 449 426 412 400.87 451 414 393 380 369
.86 418 384 365 352 343.85 390 358 340 329 320.84 365 335 318 308 299.83 343 315 299 289 282.82 323 297 283 273 266.81 305 281 267 259 252.8o 290 267 254 245 239

Number C failures - 43
Reliability Confidence Ievel

.99 .95 .90 .85 .80
.99 6110 5572 5276 5086 4939.98 3050 2783 2636 254i 2468
.97 2030 1853 1756 1693 1645.96 1520 1388 1316 1269 1233
.95 1214 1109 1052 1014 986.94 1010 923 875 845 821.93 864 790 750 724 703.92 755 691 655 633 615
.91 670 613 582 562 546.90 602 551 523 505 491
.89 546 501 475 459 447.88 500 458 435 421 409.87 460 423 401 388 377.86 427 392 372 360 350
.85 398 365 347 336 327.84 372 342 325 314 306
.83 349 321 306 296 288.82 329 303 289 279 272
.81 312 287 273 264 257
.80 295 272 259 251 244
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MTP 3-1-005
1 March 1972

TABLE B-18 cortinued

RELLAMLITY: SUCCESS - FAILURE

Number of failures = 44
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 6227 5684 5386 5194 5045
.98 3108 2839 2691 2595 2521
.97 2069 1890 1792 1729 1680
.96 1549 1416 1343 1296 1259
.95 1237 1132 1073 1036 1007
.94 1029 942 894 863 839
.93 881 806 765 739 718
.92 769 705 669 646 628
.91 683 626 594 574 558
.90 613 562 534 516 502
.89 557 511 485 469 455
.88 509 468 444 429 418
•87 469 431 410 396 386
.86 435 400 380 368 358
.85 405 373 355 343 334
.84 379 349 332 321 313
.83 356 328 312 302 294
.82 336 309 295 285 278
.81 318 293 279 270 263
.80 301 278 265 256 250

Number of Failures = 45
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 6344 5796 5495 5302 5152
.98 3167 2895 2745 2649 2574
.97 2108 1928 1829 1765 1715
.96 1578 1444 1370 1323 1286
.95 1260 1154 1095 1057 1028
.94 1049 961 91. 881 856
.93 897 822 781 754 734
.92 784 719 683 660 642
.91 696 638 606 586 570
.or 625 574 545 527 513
• .ý 567 521 495 479 466
.88 519 477 453 438 427
.87 478 440 418 404 394
.86 443 408 388 375 365
.85 413 380 362 350 341
.84 386 356 339 328 319
.83 363 335 319 308 300
.82 342 316 301 291 283
.81 324 299 285 275 268
.80 307 281 270 261 255
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 46
Reliability 

Confidence Level

* 99 .95 .90 .85 .80.99 6461 5908 5605 5409 5258.98 3225 2951 2800 2703 2627.97 2147 1965 1865 1801 1751.96 1607 1472 1398 1350 1312.95 12LA 1176 1117 1079 1049.94 1068 979 930 898 874
.93 914 838 797 770 749.92 798 733 696 673 655
.91 708 651 618 598 582.90 637 585 556 528 523.89 578 531 505 488 475.88 529 486 463 447 436.87 487 448 427 413 402.86 452 416 396 383 373.85 421 388 269 357 348.84 394 363 346 335 326.83 370 341 325 315 307.82 349 322 307 297 289.81 330 304 290 281 274.80 313 289 275 267 260

Number of failures 47
Reliability 

Confidence Level

.99 .95 .90 .85 .80.99 6578 6020 5714 5517 5364.98 3284 3007 2855 2756 2680.97 2185 2002 1901 1836 1786.96 1636 1500 14#25 1376 1339
.95 1307 1199 1139 1100 1070.94 1087 998 948 916 892.93 931 854 812 785 764.92 813 747 710 686 668.91 721 663 67i 610 593.90 648 596 ,67 548 534.89 588 541 515 498 485.88 538 495 472 456 444.87 496 457 435 421 410
.86 460 424 404 391 380.85 428 395 376 364 355.84 401 370 352 341 333.83 377 348 331 321 313.82 355 328 313 303 295.81 336 310 296 287 280.80 318 294 281 272 265
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures = 48
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 6694 6132 5823 5624 5470
.98 3342 3063 2909 2810 2733
.97 2224 2040 1938 1872 1821
.96 1666 1528 1452 1403 1365
.95 1330 1221 1161 1122 1092
.94 1107 1016 966 934 909
.93 947 870 828 800 779
.92 827 761 724 700 681
.91 734 675 643 622 605
.90 660 607 578 559 544
.89 599 551 525 508 495
.88 548 505 481 465 453
.87 505 465 443 429 418
.86 468 432 411 398 388
.85 436 402 384 371 362
.84 408 377 359 348 339
.83 383 354 338 327 319
.82 362 334 319 309 301
.81 342 316 302 292 285
.80 324 300 286 278 271

Number of failures= 49
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 6811 6244 5932 5731 5576
.98 3400 3118 2964 2864 2786
.97 2263 2077 1974 1908 1857
.96 1695 1556 1479 1430 1392
.95 1353 1243 1182 1143 1113
.94 1126 1035 985 952 927
.93 964 886 843 816 794
.92 842 774 737 713 694
.91 747 688 655 633 617
.90 671 618 589 570 555
.89 609 561 535 518 504
.88 558 514 490 474 462
.87 514 474 452 437 426
.86 476 439 419 406 396
.85 444 410 391 378 369
.84 415 384 366 355 346
.83 390 361 344 333 325
.82 368 340 325 315 307
.81 348 322 307 298 291
.80 330 305 292 283 276
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MrP 3-1-005

I March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 50
Reliability 

Confidence Level

.99 .95 .90 .85 .80.99 6927 6355 6041 5839 5682.98 3458 3174 3018 2917 2839.97 2302 2114 2010 1944 1892
.96 1724 1584 1507 1457 1418.95 1377 1266 1204 1165 1134.94 1145 1053 1003 970 945.93 980 902 859 831 809.92 856 788 751 726 708.91 760 700 667 645 629.90 683 629 600 580 566.89 620 571 545 527 514.88 567 523 499 483 471.87 523 482 460 446 434.86 484 447 427 413 403.85 451 417 398 386 376.84 422 391 373 361 352.83 397 367 J51 340 331.82 374 346 331 321 313.81 354 328 313 304 296.80 336 311 297 288 281

Number of failures 51
Reliability 

Confidence Level

.99 .95 .90 .85 .80.99 7043 6467 6150 5946 5788.98 3516 3230 3072 2971 2892.97 2340 2151 2047 1979 1927.96 1753 1611 1534 1484 1445.95 1400 1288 1226 1186 1155.94 1165 1072 1021 988 962.93 997 918 874 846 824.92 871 802 764 740 721.91 773 712 679 657 640.90 694 640 610 591 576.89 630 581 554 537 523.88 577 532 508 492 480.87 531 491 468 454 442.86 493 455 434 421 411.85 459 424 405 393 383.84 430 397 380 368 359.83 404 374 357 346 338.82 381 352 337 327 319.81 360 334 319 309 302.80 341 316 303 293 286
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 52
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 7159 6578 6259 6053 5893
.98 3574 3285 3127 3025 2945
.97 2379 2188 2083 2015 1962
.96 1781 1639 1561 1510 1471
.95 1423 1310 1248 1207 1176
.94 1184 1090 1039 1006 980
.93 1013 934 890 861 839
.92 885 816 778 753 734
.91 786 725 691 669 652
.90 706 651 621 602 587
.89 641 592 564 547 533
.88 586 542 517 501 488
.87 540 499 477 462 451
•86 501 463 442 429 418
.85 467 432 412 400 390
.84 437 404 386 375 365
.83 410 380 363 352 344
.82 387 359 343 332 325
•81 366 339 324 315 307
.80 347 322 308 299 292

e of filures -53
Reliagy Confidence Level

.99 .95 .90 .85 .80
•99 7275 6689 6368 6160 5999
.98 3632 3341 3181 3078 2998
.97 2417 2225 2119 2031 1998
.96 1810 1667 1588 1537 1498
•95 1446 1332 1269 1229 1197
.94 1203 1109 1057 1023 997
•93 1030 949 905 877 854
.92 900 830 791 767 747
.91 798 737 703 681 664
.90 717 662 632 612 597
.89 651 602 574 556 543
.88 596 551 526 510 497
.87 549 508 485 470 459
.86 509 471 450 436 426
.85 474 439 420 407 397
.84 444 411 393 381 372
.83 417 387 370 359 350
.82 393 365 349 338 330
.81 372 345 330 320 313
.80 353 327 313 304 297
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4TP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures 54
Reliability Confidence Level

.99 .95 .90 .85 .80.99 7390 6800 6476 6267 6105.98 3690 3396 3236 3132 3051.97 2456 2262 2155 2086 2033.96 1839 1695 1615 1564 1524.95 1469 1354 1291 1250 1219.94 1222 1127 1075 1041 1015.93 1046 965 921 892 870.92 914 844 805 780 760.91 811 749 715 693 676.90 729 674 643 623 608.89 662 612 584 566 552.88 605 560 535 519 506.87 558 516 493 478 467.86 517 479 458 444 433.85 482 447 427 414 404.84 451 418 400 388 379.83 424 393 376 365 356.82 400 371 355 344 336.81 378 351 336 326 318.80 359 333 319 309 302

Number of failures = 55
Reliability Confidence Level

.99 .95 .90 .85 .80.99 7506 6911 6585 6374 6210.98 3747 3452 3290 3185 3104.97 2494 2299 2191 2122 2068.96 1868 1722 1642 1591 1550.95 1492 1376 1313 1272 1240.94 1242 1146 1093 1059 1033.93 1063 981 936 907 885.92 928 858 818 793 774.91 824 761 727 705 687.90 740 685 654 634 618.89 672 622 5;4 576 562.88 615 569 544 527 5!5.87 567 525 502 487 475.86 525 487 465 451 41i.85 490 454 434 421 411.84 458 425 407 395 385.83 431 400 382 371 i62.82 406 377 361 350 342.81 284 357 341 332 324.80 364 338 324 315 307
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 56
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 7621 7022 6693 6481 6316
.98 3805 3507 3344 3238 3156
.97 2533 2336 2228 2158 2103
.96 1897 1750 1669 1617 1527
.95 1515 1399 1334 1293 1261
.94 1261 1164 ill1 1077 1050
.93 1079 997 952 922 900
.92 943 871 832 807 787
.91 837 774 739 716 699
.90 752 696 665 61 629
.89 682 632 604 585 571
.88 625 578 553 536 523
.87 576 533 510 495 483
.86 534 495 473 459 448
.85 497 461 441 428 418
.84 465 432 413 401 392
.33 437 406 389 377 369
.82 412 383 367 356 348
.8i 390 362 347 337 329
.80 370 344 329 320 313

Number of failures - 57
Reliability Confidence Level

.99 .95 .90 .85 .80

.99 7736 7133 6802 6588 6422

.98 3862 3563 3398 3292 3209

.97 2571 2373 2264 2193 2138

.96 1926 1778 1696 1644 1603

.95 1538 1421 1356 1314 1282
.94 1280 1183 1129 1095 1068
.93 1095 1013 967 938 915
.92 957 885 846 820 800
.91 849 786 751 728 711
.90 763 707 675 655 639
.89 693 642 613 595 581
.88 634 588 562 545 532
.87 584 542 518 503 491
.86 542 503 481 467 456
.85 505 469 448 435 425
.84 473 439 420 403 398
.83 444 413 395 384 375
.82 419 389 373 362 354
.81 396 368 353 343 335
.80 376 349 335 325 318
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures = 58
Reliability Confidence Level

.99 .95 .90 .85 .80.99 7851 7243 6910 6694 6527
.98 3920 3618 3452 3345 3262
.97 2609 2410 2300 2229 2174
.96 1954 1805 1723 1671 1629
.95 1561 1443 1378 1336 1303
.94 1299 1201 1147 1112 1085
.93 1112 1028 983 953 930
.92 971 899 859 833 813
.91 862 798 763 740 722
.90 775 718 686 666 650
.89 703 652 623 605 590
.88 644 597 571 554 541
.87 593 550 527 511 499
.86 550 510 488 474 463
.85 512 476 456 442 432
.84 480 446 427 414 405
.83 451 419 401 390 381
.82 425 395 379 368 360
.81 402 374 358 348 340.80 381 555 340 331 323

Number of failures - 59
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 7966 7354 7018 6801 6632
.98 3977 3673 3506 3399 3315
.97 2648 2446 2336 2264 2209
.96 1983 1833 1751 1697 1656
.95 1584 1465 1399 1357 1324
.94 1318 1219 1165 1130 1103
.93 1128 1044 998 968 945
.92 986 913 873 847 826
.91 875 810 775 752 734
.90 786 729 697 676 660
.89 714 662 633 614 600
.88 653 606 580 563 550
.87 602 559 535 519 507
.86 558 518 496 482 471
.85 520 483 463 449 439
.84 487 453 433 421 411
.83 457 425 408 396 381
.82 431 401 385 374 365
.81 408 380 364 354 346
.80 387 360 346 336 328
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 60
Reliability Confidence Level

.99 .95 .90 .85 .80.99 8081 7464 7126 6908 6738.98 4035 3729 3561 3452 3367.97 2686 2483 2372 2300 2244.96 2012 1861 1778 1724 1682.95 1607 1487 1421 1378 1345.94 1337 1238 1183 1148 1120.93 1144 1060 1013 983 960.92 1000 926 886 860 839.91 887 823 787 764 746.90 798 740 708 687 671.89 724 672 643 624 610.88 663 615 589 572 559.87 611 567 543 527 515.86 566 526 504 489 478.85 528 491 470 457 446.84 494 459 440 428 418.83 464 432 414 402 393.82 438 407 391 380 371.81 414 386 370 359 351.80 393 366 351 341 334

Number of failures 61
Reliability Confidence Level

.99 .95 .90 .85 .80.99 8196 7575 7235 7014 6843.98 4092 3784 3615 3505 3420.97 2724 2520 2408 2335 2279.96 2040 1883 1805 1750 1708.95 1630 1509 1443 1400 1366.94 1356 1256 1201 1166 1138.93 1161 1076 1029 998 975.92 1014 940 899 873 853.91 900 835 799 776 757.90 809 751 718 698 681.89 734 682 653 634 619.88 672 624 598 5C1 567.87 619 576 551 536 523.86 574 534 512 497 486.85 535 498 477 464 453.84 501 466 447 434 425.83 471 438 420 409 399.82 444 414 397 386 377.81 420 391 375 365 357.80 398 371 356 347 339
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

P.LL ILIIY: SUCCESS - FAILURE

Number of failures = 62
Reliability 

Confidence Level

.99 .95 .90 .85 .80.99 8311 7685 7343 7121 6949.98 4149 3839 3669 3558 3473.97 2762 2557 2444 2371 2314.96 2069 1916 1832 1777 1735.95 1653 1531 1464 1421 1387.94 1375 1275 1219 1183 1155.93 1177 1091 1044 1014 990.92 1028 954 913 886 866.91 913 847 811 787 769.90 820 762 729 708 692.89 745 692 662 643 629.88 682 633 607 589 576.87 628 584 560 544 531.86 582 542 519 505 493.85 543 505 484 471 460.84 508 473 454 441 431.83 477 445 427 415 406.82 450 420 403 391 383.81 426 397 381 371 363.80 404 377 362 352 344

Number of failures - 63
Reliability 

Confidence Level

.99 .95 .90 .85 .80.99 8425 7795 7451 7227 7054.98 4207 3894 3723 3612 3525.97 2800 2593 2480 2406 2340.96 2097 1943 1859 1804 176!.95 1676 1553 1486 1442 1408.94 1394 1293 1237 1201 1173.93 1193 1107 1060 1029 1005.92 1043 968 926 900 879.91 925 859 823 799 781.90 832 773 740 719 702.89 755 702 672 653 638.88 691 643 616 598 585.87 637 592 568 552 540.86 591 550 527 512 501.85 550 512 491 478 467.84 515 480 460 448 438.83 484 451 433 421 412.82 457 426 409 397 389.81 432 403 387 376 368.80 410 382 367 357 349
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures 64
Reliability Confidence Level

.99 .95 .90 .85 .80.99 8539 7906 7559 7334 7159.98 4264 3949 3777 3665 3578
.97 2839 2630 2516 2442 2384
.96 2126 1971 1885 1830 1787.95 1698 1575 1507 1463 1429.94 1413 1311 1255 1219 1190
.93 1210 1123 1075 1044 1020.92 1057 981 940 913 892.91 938 872 835 811 792
.90 843 784 751 729 713.89 765 712 682 663 648.88 701 652 625 607 593
.87 646 601 576 560 548.86 599 557 535 520 508
.85 558 520 499 485 474.84 522 487 467 454 444.83 491 458 439 427 418
.82 463 432 414 403 394.81 438 409 392 382 374.•0 415 388 372 362 355

Number of failures - 65
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 8654 8016 7666 7440 7264.98 4321 4004 3830 3718 3630.97 2877 2667 2552 2477 2419.96 2154 1998 1912 1857 181.4
.95 1721 1597 1485 1485 1450.94 1432 1330 1273 1236 1208
.93 1226 1138 1090 1059 1035.92 1071 995 953 926 905
.91 951 884 847 823 804.90 854 795 762 740 723
.89 776 722 692 672 657.88 710 661 634 616 602
.87 654 609 584 568 556.86 607 565 542 527 516
.85 565 527 506 492 481
.84 529 494 474 461 451.83 497 464 446 433 424
.82 469 438 420 409 400
.81 444 414 398 387 379
.80 421 393 378 368 360
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MrP 3-1-005

1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 66Reliability 
Confidence Level

.99 .95 .90 .85 .80.99 8768 8126 7774 7547 7369.98 4378 4059 3884 3771 3683.97 2915 2703 2588 2513 2454.96 2183 2026 1939 1883 1840.95 1744 1619 1550 1506 1471.94 1451 1348 1291 1254 1225.93 1242 1154 1106 1074 1050.92 1085 1009 967 939 918.91 963 896 859 835 816.90 866 806 772 751 734.89 786 732 ?02 682 667.88 719 670 64J 625 611.87 663 618 593 576 564.86 615 573 550 535 523
.85 573 534 513 499 488.84 536 500 480 467 457.83 504 470 452 440 430.82 475 444 426 15 406.81 450 420 404 393 385.80 427 399 383 373 365

Number of failures = 67
Reliability 

Confidence Level

.99 .95 .90 .85 .80.99 8882 8236 7882 7653 7474.98 4435 4114 3938 3824 3736.97 2953 2740 2624 2548 2489.96 2211 2053 1966 1910 1866.95 1767 1641 1572 1527 1492.94 1470 1366 1309 1272 1243.93 1258 1170 1121 1089 1065.92 1100 1023 980 953 931.91 976 908 871 846 827.90 877 816 783 761 744.89 796 741 711 692 676.88 729 679 652 634 620.87 672 626 601 585 572.86 623 581 558 542 531.85 581 542 520 506 495.84 543 507 487 474 464.83 511 477 458 446 436.82 482 450 432 421 412.81 456 426 409 398 390.80 432 404 388 378 370
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MTP 3-1-00I
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures- 68
Reliability Confidence Level

.99 .95 .90 .85 .80.99 8996 8346 7990 7759 7580.98 4492 4169 3992 3877 3788.97 2990 2777 2659 2583 2524.96 2240 2081 1993 1936 1892.95 1789 1663 1593 1548 1513.94 1489 1384 1327 1289 1260.93 1275 1185 1136 1105 1080.92 1114 1036 994 966 944.91 989 920 883 858 839.90 888 827 794 772 755.89 807 751 721 701 686.88 738 688 660 642 628.87 681 635 609 593 580.86 631 589 565 550 538.85 588 549 527 513 502.84 551 514 494 481 470.83 517 483 464 452 443.82 488 456 438 427 418.81 462 432 415 404 396.80 438 410 394 384 376

Number of failures - 69
Reliability Confidence Level

.99 .95 .90 .85 .80.99 9110 8455 8097 7865 7685.98 4549 4224 4046 3930 3841.97 3028 2813 2695 2619 2559.96 2268 2108 2020 1973 1919.95 1812 1685 1615 1569 1534.94 1509 1403 1345 1307 1278.93 1291 1201 1152 1120 1095.92 1128 1050 2007 979 958.91 1001 932 895 870 851.90 900 838 804 782 765.89 817 761 731 711 695.88 748 697 669 651 637
.8- 689 643 617 601 588.86 639 596 573 558 546.95 596 55C 534 520 509.84 558 521 501 487 477
.r3 524 490 471 458 449.82 494 462 444 433 424.81 467 437 420 410 401.80 443 415 399 389 381
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MrP 3-1-0051 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 70
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 9223 8565 8205 7971 7790
.98 4606 4279 4100 3984 3893
.97 3066 2850 2731 2654 2594
.96 2297 2135 2047 1990 1945
.95 1335 1707 1636 1591 1555
.94 1527 1421 1363 1325 1295
.93 13C7 1217 1167 1135 1110
.92 1142 1064 1020 992 971
.91 1014 945 906 882 862
.90 911 849 815 793 776
.89 827 771 741 721 705
.88 757 706 678 660 646
.87 698 651 626 609 596
.86 647 604 581 565 553
.85 603 563 541 527 516
.84 565 528 507 494 484
.83 531 496 477 465 455
.82 500 468 450 438 429
.81 473 443 426 415 407
.80 449 420 404 394 386

Number of failures - 71
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 9337 8675 8313 8078 7895
.98 4662 4333 4153 4037 3946
.97 3104 2386 2767 2690 2629
.96 2325 2163 2074 2016 1971
.15 1857 1729 1658 1612 1576
.94 1546 1439 1381 1342 1313
.93 1323 1232 1182 1150 1125
.92 1156 1077 1034 1006 984
.91 1026 957 918 893 874
.90 922 860 826 804 786
.89 837 781 750 730 714
.88 767 715 687 669 655
.87 707 660 634 617 604
.86 655 612 588 573 561
.85 611 571 549 534 523
.84 572 534 514 500 490
.83 537 503 483 471 461
.82 507 474 456 444 435
.81 479 449 432 421 412
.80 455 426 410 399 391

2-109



MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 72
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 9451 8784 8420 8184 7999
.98 4719 4388 4207 4090 3998
.97 3142 2923 2803 2725 2664
.96 2353 2190 2101 2043 1997
.95 1880 1750 1679 1633 1597
.94 1565 1457 1398 1360 1330
.93 1339 1248 1198 1165 1140
.92 1170 1091 1047 1019 997
.91 1039 969 930 905 886
.90 934 871 837 814 797
.89 848 791 760 740 724
.88 776 725 696 678 663
.87 715 668 642 625 612
.86 663 620 596 580 568
.85 618 578 556 541 530
.84 579 541 521 507 497
.83 544 509 490 477 467
.82 513 480 462 450 441
.81 485 454 437 426 418
.80 460 431 415 405 396

Number of failures 73
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 9564 8894 8527 8290 8104
.98 4776 4443 4261 4143 4050
.97 3180 2959 2839 2760 2699
.96 2382 2217 2127 2069 2023
.95 1903 1772 1701 1654 1618
.94 1584 1476 1416 1378 1348
.93 1355 1264 1213 1180 1155
.92 1184 1105 1061 1032 1010
.91 1051 981 942 917 897
.90 945 882 847 825 807
.89 858 801 770 749 733
.88 785 734 705 687 672
.87 724 677 650 633 620
.86 671 628 603 588 576
.85 626 585 563 548 537
.84 586 548 527 514 503
.83 550 515 496 483 473
.82 519 486 468 456 447
.81 491 460 443 432 423
.80 466 437 421 410 402
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,7

MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 74
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 9677 9003 8635 8396 8209
.98 4832 4498 4314 4196 4103
.97 3217 2996 2874 2795 2734
.96 2410 2245 2154 2095 2050.95 1925 1794 1722 1675 1639
.94 1602 1494 1434 1395 1365
.93 1372 1279 1228 1195 1170.92 1199 1118 1074 1045 1023
.91 1064 993 954 929 909
.90 956 893 858 835 818.89 868 811 77ý 759 743
.88 795 743 714 695 681
.87 733 685 659 641 628.86 679 635 611 595 583
.85 633 592 570 555 544.84 593 555 534 520 510
.83 557 522 502 489 479.82 525 492 474 462 453.81 497 466 449 437 429.80 471 442 426 415 407

Number of failures 75
Reliability Confidence Level

* 99 .95 .90 .85 .80.99 9791 9113 8742 8502 8314
.98 4889 4552 4368 4248 4155.97 3255 3032 2910 2831 2769
.96 2438 2272 2181 2122 2076.95 1948 1816 1744 1697 1660
.94 ý621 1512 1452 1413 1383.93 1388 1295 1244 1211 1185
.92 1213 1132 1087 1059 1036
.91 1076 1005 966 940 921.90 968 904 869 846 828.89 878 821 789 769 753
.88 804 752 723 704 689.87 741 693 667 650 636.86 687 61,3 619 603 590.85 641 600 577 562 551
.84 600 562 541 527 516
.83 564 528 5u8 496 486.82 532 498 480 468 458.81 503 472 454 443 434.80 477 448 431 420 412
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 76
Reliability 

Confidence Level

.99 .95 .90 85 .80.99 9904 9222 8849 8607 8419.98 4946 4607 4422 4301 4208.97 3293 3069 2946 2866 2804.96 2466 2299 2208 2148 2102.95 1971 1838 1765 1718 1681.94 1640 1530 1470 1431 1400.93 1404 1310 1259 1226 1200.92 1227 1145 1101 1072 1049.91 1089 1017 978 952 932.90 979 915 879 856 829.89 889 831 799 778 762.88 813 761 732 713 698.87 750 702 675 658 644.86 695 651 626 610 598.85 648 607 584 569 558.84 607 568 547 533 523.83 570 534 515 502 492.82 538 504 486 474 464.81 509 477 460 448 440.80 483 453 436 426 417

Number of failures - 77
Reliability 

Confidence Level

.99 .95 .90 .85 .80.99 10017 9331 8957 8713 8524.98 5002 4662 4475 4354 4260.97 3330 3105 2982 2901 2839.96 2495 2327 2235 2175 2128.95 1993 1860 1786 1739 1702.94 1659 1548 1488 1448 1418.93 1420 1326 1274 1241 1215.92 1241 1159 1114 1085 1062.91 1102 1029 990 964 944.90 990 926 890 867 849.89 899 841 809 788 772.88 823 770 741 722 707.87 758 710 683 666 652.86 703 659 634 618 605.85 656 614 591 576 565.84 614 575 554 540 529.83 577 541 521 508 498.82 544 510 492 479 470.81 515 483 465 454 445.80 488 458 442 431 423
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MrP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 78
Reliability Confidence Level

.99 .95 .90 .85 .80.99 10130 9441 9064 8819 8628.98 5059 4716 4529 4407 4312.97 3368 3141 3017 2937 2874.96 2523 2354 2261 2201 2154.95 2016 1881 1808 1760 1723.94 1678 1566 1506 1466 1435.93 1436 1341 1290 1256 1229.92 1255 1173 1128 1098 1075.91 1114 1041 1002 976 955.90 1001 936 901 878 859.89 909 851 818 797 781.88 832 779 750 731 716.87 767 718 691 674 660.86 711 666 642 625 613.85 663 621 598 583 572.84 621 582 561 547 536.83 583 547 527 514 504.82 550 516 498 485 476.81 521 489 471 460 451.80 494 464 447 436 428

Number of failures - 79Reliability Confidence Level

.99 .95 .90 .85 .80.99 10243 9550 9171 8925 8733.98 5115 4771 4582 4460 4365.97 3406 3178 3053 2972 2909.96 2551 2381 2288 2228 2181.95 2038 1903 1829 1781 1744.94 1696 1585 1523 1484 1452.93 1452 1357 1305 1271 1244.92 1269 1186 1141 1111 1088.91 1126 1054 1013 987 967.90 1013 947 911 888 870.89 919 860 828 807 791.88 842 788 759 739 724.87 776 727 700 682 668.86 719 674 649 633 620.85 6/1 629 606 590 579.84 628 589 567 553 5L2.83 590 554 533 520 51.0.82 556 522 503 491 482.81 526 494 477 465 456.80 499 469 452 442 433
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures- 80
Reliability 

Confidence Level

.99 .95 .90 .85 .80.99 10356 9659 9278 9031 8838.98 5171 4825 4636 4513 4417.97 3443 3214 3089 3007 2943.96 2579 2408 2315 2254 2207.95 2061 1925 1851 1802 1765.94 1715 1603 1541 1501 1470.93 1468 1373 1320 1286 1259.92 1283 1200 1154 1125 1101.91 1139 1066 1025 999 979.90 1024 958 922 899 880.89 929 870 838 817 800.88 851 797 767 748 733.87 784 735 708 690 676.86 727 682 657 641 628.85 678 636 613 597 586.84 635 596 574 560 549.83 597 560 540 527 516.82 563 528 509 497 487.81 532 500 482 471 461.80 505 475 458 447 438

Number of failures - 81
Reliability 

Confidence Level

.99 .95 .90 .85 .80.99 10469 9768 9385 9136 8942.98 5228 4880 4690 4566 4469.97 3481 3250 3124 3042 2978.96 2607 2436 2342 2281 2333.95 2083 1947 1872 1823 1785.94 1734 1621 1559 1519 1487.93 1484 1388 1335 1301 1274.92 1297 1214 1168 1138 1115.91 1151 1078 1037 1011 990.90 1035 969 933 909 891.89 940 880 847 826 809.88 860 806 776 757 742.87 793 743 716 698 684.86 735 690 664 648 635.85 685 643 620 604 593.84 642 602 581 566 555.83 603 566 546 533 522.82 569 534 515 503 493.81 538 506 488 476 467.80 511 480 463 452 443
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MTP 3-1-005
I M&rch 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures 82
Reliability 

Confidence Level

.99 .95 .90 .85 .80.99 10581 9877 9492 9242 904'.98 5284 4934 4743 4619 452;.97 3518 3287 3160 3078 3013.96 2636 2463 2368 2307 2259.95 2106 1969 1893 1845 1806.94 1753 1631) 1577 1536 1505.93 1500 1404 1351 1316 1289.92 1311 1227 1181, 1151 1128.91 1164 1090 1049 1023 1002.90 1046 980 944 920 901.89 950 890 857 836 819.88 870 815 7ki5 766 750.87 802 752 724 706 692.86 743 697 672 656 643.85 693 650 627 612 600.84 649 609 587 573 562.83 610 573 552 539 529.82 575 540 521 509 499.81 544 511 493 482 472.80 516 485 468 457 449
Number of failures 83

Reliability 
Confidence Level

.99 .95 .90 .85 .80.99 10694 9986 9599 9348 9152.98 5340 4989 4796 4671 4574.97 3556 3323 3196 3113 3048.96 2664 2490 2195 2333 2285.95 2128 1990 1915 1866 1827.94 1771 1657 1595 1554 1522.93 1516 1419 1366 1331 1304.92 1325 .1241 1194 1164 1141.91 1176 1102 1061 1034 1013.90 1057 991 954 930 912.89 960 900 867 845 828.88 879 824 794 774 759.87 810 760 732 714 700.86 751 705 680 663 650.85 700 658 634 619 606.84 656 616 594 580 568.83 616 579 559 545 535.82 581 546 527 515 505.81 550 517 499 487 478.80 522 491 474 463 454
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 84
Reliability Confidence Level

.99 .95 .90 .85 .80.99 10807 10095 9706 9453 9256.98 5397 5043 4850 4724 4626.97 3593 3359 3231 3148 3083.96 2692 2517 2422 2360 2311.95 2151 2012 1936 1887 1848.94 1790 1675 1612 1571 1540.93 1532 1435 1381 1346 1319.92 1339 1254 1208 1177 1154.91 1189 1114 1073 1046 1025.90 1069 1002 965 941 922.89 970 910 877 855 838.88 888 833 803 783 768.87 819 768 741 723 708.86 759 713 687 671 658
.85 708 665 641 626 613.84 663 623 601 586 575.83 623 585 565 551 541.82 587 552 533 520 511.81 556 523 505 493 483.80 527 496 479 468 459

Number of failures - 85
Reliability Confidence Level

.99 .95 .90 .85 .80.99 10919 10204 9813 9559 9361.98 5453 5098 4903 4777 4678.97 3631 3395 3267 3183 3118
.96 2720 2544 2448 2386 2337.95 2173 2034 1958 1908 1869.94 1809 1693 1630 1589 1557.93 1548 1450 1396 1361 1334.92 1353 1268 1221 1191 116Y
.91 1201 1126 1085 1058 1037.90 1080 1012 975 951 933.89 980 920 886 864 847.88 898 842 812 792 776.87 827 777 749 731 716.86 767 721 695 678 665.85 715 672 648 633 620.84 670 629 607 593 581.83 629 592 571 558 547.82 594 558 539 526 516.81 562 529 510 498 489.80 533 502 484 473 464
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MrP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 86
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 11032 10312 9920 9665 9465
.98 5509 5152 4957 4830 4731
.97 3668 3432 3302 3218 3153
.96 2748 2572 2475 2412 2362
.95 2196 2056 1979 1929 1890
.94 1827 1711 1648 1607 1574
.93 1564 1466 1411 1376 1349
.92 1367 1281 1234 1204 1180
.91 1214 1138 1096 1069 1048
.90 1091 1023 986 962 943
.89 991 929 896 874 857
.88 907 851 821 801 785
.87 836 785 757 739 724
.86 775 728 702 686 672
.85 723 679 655 640 627
.84 677 636 614 599 588
.83 636 598 577 564 553
.82 600 564 545 532 522
.81 568 534 516 504 494
.80 538 507 490 478 469

Number of failures = 87
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 11144 10421 10027 9770 9570
.98 5565 5206 5010 4883 4783
.97 3706 3468 3338 3253 3187
.96 2776 2599 2502 2439 2390
.95 2218 2077 2000 1950 1911
.94 1846 1730 1666 1624 1592
.93 1580 1481 1427 1391 1364
.92 1381 1295 1248 1217 1193
.91 1226 1150 1108 1081 1060
.90 1102 1034 997 972 953
.89 1001 939 906 884 866
.88 916 860 830 810 794
.87 845 793 765 747 732
.86 783 736 710 693 680
.85 730 686 662 647 634
.34 684 643 620 606 594
.83 643 605 584 570 559
.82 606 570 551 538 528
.81 573 540 521 509 500
.80 544 512 495 484 475
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 88
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 11256 10530 10134 9876 9674
.98 5621 5261 5064 4935 4835
97 3743 3504 3374 3289 3222

.96 2804 2626 2529 2465 2416

.95 2240 2099 2022 1971 1932

.94 1865 1748 1684 1642 1609

.93 1596 1497 1442 1406 1379

.92 1395 1308 1261 1230 1206
.91 1239. 1162 1120 1093 1071
.90 1113 1045 1007 983 969
.89 1011 949 915 893 876
.88 925 869 838 818 803
.87 853 802 773 755 740
.86 791 744 718 701 687
.85 738 694 669 654 641
.84 691 650 627 612 601
.83 649 611 590 576 565
.82 612 576 557 544 534
.81 579 546 527 515 505
.80 550 518 500 489 480

Number of failures . 89
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 11368 10639 10240 9981 9779
.98 5677 5315 5117 4988 4887
.97 3780 3540 3409 3324 3257
.96 2832 2653 2555 2491 2442
.95 2263 2121 2043 1992 1953
.94 1883 1766 1701 1659 1626
.93 1612 1512 1457 1422 1394
.92 1409 1322 1274 1243 1219
.91 1251 1174 1132 1104 1083
.90 1124 1056 1018 994 974
.89 1021 959 925 903 885
.88 935 878 847 827 811
.87 862 810 782 763 749
.86 799 752 725 708 695
.85 745 701 676 661 648
.84 697 656 634 619 607
.83 656 617 596 582 571
.82 618 582 563 550 539
.81 585 551 533 520 511
.80 555 523 506 494 485
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MTP 3-1-005

1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failurej - 90
Reliability Confidence Level

.99 .95 .90 .85 .80.99 11481 10747 10347 10086 9883.98 5733 5369 5170 5041 4940.97 3818 3576 3445 3359 3292.96 2860 2680 2582 2518 2468.95 2285 2142 2064 2013 1973.94 1902 1784 1719 1677 1644.93 1628 1528 1472 1437 1408.92 1423 1336 1288 1256 1232.91 1263 1186 1144 1116 1095.90 1136 1067 1029 1004 985.89 1031 969 935 912 895.88 944 887 856 836 820.87 870 818 790 771 757.86 807 759 733 716 702.85 752 708 684 668 655.84 704 663 640 626 614.83 662 624 602 588 578.82 625 588 568 555 545.81 591 557 538 526 516.80 561 529 511 499 490

Number of failures - 91
Reliability Confidence Level

* 99 .95 .90 .85 .80.99 11593 10856 10454 10192 9987.98 5789 5423 5224 5093 4992.97 3855 3613 3480 3394 3326.96 2888 2707 2608 2544 2494.95 2308 2164 2085 2034 1994.94 1921 1802 1737 1694 1661.93 1644 1543 1488 1452 1423.92 1437 1349 1301 1269 1245.•1 1276 1198 1156 1128 1106.90 1147 1077 1039 1015 995.89 1041 979 944 922 904.88 953 896 865 845 829.87 879 827 798 779 765.86 815 767 740 723 710.85 760 715 691 675 662.84 711 670 647 632 620.83 669 630 609 595 584.82 631 594 574 561 551.81 597 563 544 531 522.80 566 534 516 505 495
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 92Reliability 
Confidence Level

* 99 .95 .90 .85 .80.99 11705 10964 10560 10297 10092.98 5845 5478 5277 5146 5044.97 3892 3649 3516 3429 3361.96 2916 2734 2635 2570 2520.95 2330 2186 2107 2055 2015.94 1939 1820 1755 1712 1679.93 1660 1559 1503 1467 1438.92 1451 1363 1314 1283 1258.91 1288 1210 1167 1140 1118.90 1158 1088 1050 1025 1006.89 1051 988 954 931 914.88 963 905 874 853 837.87 887 835 806 787 773.86 823 775 748 731 717.85 767 722 698 682 669.84 718 677 654 639 627.83 675 636 615 601 590.82 637 600 580 567 557.81 603 568 549 537 527.80 572 539 521 510 501

Number of failures= 93Reliability 
Confidence Level

.99 .95 .90 .85 .80.99 11817 11073 10667 10403 10196.98 5901 5532 5330 5199 5096.97 3930 3685 3551 34464 3396.96 2944 2761 2662 2597 2546.95 2352 2207 2128 2076 2036.94 1958 1838 1772 1729 1696.93 1676 1574 1518 1482 1453.92 1465 1376 1327 1296 1271.91 1301 1222 1179 1151 1129.90 1169 1099 1061 1036 1016.89 1061 998 964 941 923.88 972 914 883 862 846.87 896 843 814 795 781.86 831 782 756 738 724.8,5 775 730 705 689 676.84 725 683 660 645 633.83 682 643 621 607 596.82 643 606 586 573 563.81 608 574 555 542 533.80 577 545 527 515 506
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 94
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 11928 11181 10773 10508 10300
.98 5957 5586 5383 5251 5148
.97 3967 3721 3587 3499 3431
.96 2972 2788 2688 2623 2572
.95 2375 2229 2149 2097 2057
.94 1976 1856 1790 1747 1713
.93 1692 1589 1533 1497 1468
.92 1479 1390 1341 1309 1284
.91 1313 1234 1191 1163 1141
.90 1180 1110 1071 1046 1026
.89 1072 1008 973 950 933
.88 981 923 892 871 855
.87 905 852 822 803 789
.86 839 790 763 746 732
.85 782 737 712 696 683
.84 732 690 667 652 640
.83 688 649 627 613 602
.82 649 612 592 519 568
.81 614 580 560 548 538
.80 583 550 532 520 511

Number of failures - 95
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 12040 11289 10880 10613 10405
.98 6013 5640 5437 5304 5200
.97 4004 3757 3622 3534 3466
.96 3000 2816 2715 2649 2598
.95 2397 2251 2171 2118 2078
.94 1995 1874 1808 1765 1731
.93 1708 1605 1548 1512 1483
.92 14:3 1403 1354 1322 1297
.91 1325 1246 1203 1175 1152
.90 1191 1121 1082 1057 1037
.89 1082 1018 983 960 942
.88 990 932 900 880 863
.87 913 860 831 811 797
.86 847 798 771 753 739
.85 789 744 719 703 690
.84 739 697 674 648 646
.83 695 655 633 619 608
.82 655 618 598 585 574
.81 620 585 566 553 544
.80 588 556 537 526 516
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE
Number of failures- 96

Reliability 
Confidence Level

.99 .95 .90 .85 .80.99 12152 11398 10986 10718 10509.98 6069 5694 5490 5357 5252.97 4041 3793 3658 3569 3500.96 3028 2843 2742 2676 2624.95 2419 2272 2192 2139 2099.94 2014 1892 1825 1782 1748.93 1724 1620 1564 1527 1498.92 1507 1417 1367 1335 1310.91 1338 1258 1215 1186 1164.90 1202 1131 1092 1067 1047.89 1092 1028 993 970 952.88 1000 941 909 888 872.87 922 868 839 820 805•86 855 805 778 761 747.85 797 751 726 710 697
.84 746 704 680 665 653
.83 701 662 640 625 614.82 661 624 604 590 580.81 626 591 572 559 549.80 594 561 543 531 521

Number of failures - 97Reliability 
Confidence Level

* 99 .95 .90 .85 .80.99 12264 11506 11093 10824 10613.98 6125 5748 5543 5409 5305.97 4079 3829 3693 3604 3535.96 3055 2870 2768 2702 2650.95 2441 2294 2213 2161 2119.94 2032 1910 1843 1800 1765.93 1740 1636 1579 1542 1513.92 1521 1430 1361 1348 1323.91 1350 1270 1226 1198 1176.90 1214 1142 1103 1078 1058.89 1102 1038 1002 979 961.88 1009 950 918 897 881.87 930 876 847 828 813.86 863 813 786 768 754.85 804 758 733 717 704.84 753 710 687 671 659.83 708 668 646 632 620.82 668 630 610 596 586.81 632 597 577 564 555.80 599 566 548 536 527
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 98
Reliability Confidence Level

.99 .95 .90 .85 .80
.99 12375 11614 11199 10929 10717
.98 6181 5803 5596 5462 5357
.97 4116 3865 3729 3639 3570
.96 3083 2897 2795 2728 2676
.95 2464 2315 2234 2182 2140
.94 2051 1928 1861 1817 1783
.93 1756 1651 1594 1557 1528
.92 1534 1444 1394 1361 1336
.91 1362 1282 1238 1210 1187
.90 1225 1153 1114 1088 1068
.89 1112 1047 1J12 989 971
.88 1018 959 927 906 889
.87 939 885 855 836 821
.86 871 821 793 776 762
.85 812 765 740 724 711
.84 760 717 693 678 666
.83 714 674 652 638 626
.82 674 636 616 602 591
.81 638 602 583 570 560
.80 605 572 553 541 532

Number of failures - 99 Confidence Level

.99 .95 .90 .85 .80
.99 12487 11722 11306 11034 10822
.98 6236 5857 5649 5514 5409
.97 4153 3901 3764 3674 3604
.96 3111 2924 2821 2755 2702
.95 2486 2337 2256 2203 2161
.94 2069 1946 1879 1835 1800
.93 1772 1667 1609 1572 1542
.92 1548 1457 1407 1375 1349
.91 1375 1294 1250 1221 1199
.90 1236 1164 1124 1099 1078
.89 1122 1057 1021 998 980
.88 1027 968 936 915 898
.87 947 893 863 844 829
.86 878 829 801 783 769
.85 819 773 747 731 717
.84 767 724 700 685 672
.83 721 681 658 644 633
.82 680 642 621 608 597
.81 643 608 588 576 565
.80 610 577 559 546 537
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MTP 3-1-005
1 March 1972

TABLE B-18 c'ntinued

RELIABILITY: SUCCESS - FAILURE

Number of failures - 100Reliability 
Confidence Level

.99 .95 .90 .85 .80.99 11598 11831 11412 11139 10926.98 6292 5911 5703 5567 5461.97 4790 3937 3799 3710 3639.96 3139 2951 2848 2781 2728.95 2508 2359 2277 2224 2182.94 2088 1964 1896 1852 1817.93 1788 1682 1624 1587 1557.92 1562 1471 1420 1388 1362.91 1387 1306 1262 1233 1210.90 1247 1175 1135 1109 1089.89 1132 .1067 1031 1008 989.88 1037 977 945 923 907
.37 956 901 871 852 837
.86 886 836 809 791 776.85 826 780 754 737 724.84 774 730 707 691 679.83 727 687 665 650 639.82 686 648 627 614 603.81 649 614 594 581 571.80 616 582 564 552 542
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HTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Confidence Level = .75
Failures

Reliability 0 2 3 4 5 6 7 8 9 10

99 138 269 392 510 627 742 855 968 1079 1190 130198 69 134 196 255 313 370 427 483 539 595 65097 46 89 130 170 209 247 284 322 359 396 43396 34 67 98 127 156 185 213 241 269 297 32495 28 53 78 102 125 148 170 193 215 237 25994 23 45 65 85 104 123 142 161 179 198 21693 20 38 56 72 89 105 121 137 153 169 18592 17 33 49 63 78 92 106 120 134 148 16291 15 .30 43 56 69 82 94 107 119 131 14490 14 27 39 51 62 73 85 96 107 118 12989 12 24 35 46 56 67 77 87 97 1C7 11788 11 22 32 42 52 61 71 80 89 98 10787 10 20 30 39 48 56 65 74 82 91 9986 10 19 28 36 44 52 60 68 76 84 9285 9 18 26 33 41 49 56 64 71 78 8684 8 16 24 31 39 46 53 60 67 73 8083 8 15 23 29 36 43 50 56 63 69 7682 7 15 21 28 34 40 47 53 59 65 7181 7 14 20 26 32 38 44 50 56 62 6780 7 13 19 25 31 36 42 48 53 59 64

11 12 13 14 15 16 17 18 19 20
99 1411 1521 1630 1739 1847 1956 2064 2172 2279 238798 750 760 814 869 923 977 1031 1085 1139 119397 470 506 543 579 615 651 687 723 759 79596 352 379 407 434 461 488 515 542 569 59695 281 303 325 347 368 390 412 433 455 47694 234 252 271 289 307 325 343 361 379 39793 201 216 232 247 263 278 294 309 324 34092 175 189 203 216 230 243 257 270 284 29791 156 168 180 192 204 216 228 240 252 26490 140 151 162 173 184 194 205 216 227 23789 127 137 147 157 167 177 186 196 206 21688 117 126 135 144 153 162 171 180 189 1988? 108 116 124 133 141 149 157 166 174 18286 100 108 115 123 131 138 146 154 161 16985 93 100 108 116 122 129 136 143 151 15884 87 94 101 107 114 121 128 134 141 14883 82 88 95 101 107 114 120 126 133 13982 77 83 89 95 101 107 113 119 125 13181 73 79 85 90 96 102 107 113 119 12480 69 75 80 86 91 96 102 107 113 118
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MTP 3-1-005
1 March 1972

TABLE B-18 continued

RELIABILITY: SUCCESS - FAILURE

Confidence Level - .75
Failures

21 22 23 24 25 26 27 28 29 30
Reliability

99 2494 2601 2708 2815 2922 3028 3135 3241 3347 3453
98 1246 1300 1353 1407 1460 1513 1567 1620 1673 1726
97 830 866 902 937 973 1008 1044 1079 1115 1150
96 622 649 676 703 729 756 782 809 836 862
95 498 519 540 562 583 604 626 647 668 689
94 414 432 450 468 486 503 521 539 556 574
93 355 370 386 401 416 431 446 462 477 492
92 310 324 337 350 364 377 390 404 417 430
91 276 288 300 311 323 335 347 359 370 382
90 248 259 269 280 291 301 312 323 333 344
89 225 235 245 254 264 274 283 293 303 312
88 206 215 224 233 242 251 260 268 277 286
87 190 199 207 215 223 231 240 248 256 264
86 177 184 192 200 207 215 222 230 237 245
85 165 172 1D9 186 193 200 207 214 221 228
84 154 161 16C 174 181 18F 194 201 207 214
83 145 152 158 164 170 177 183 189 195 201
82 137 143 149 155 161 167 172 178 184 190
81 130 135 141 147 152 158 163 169 174 180
80 123 129 134 139 144 150 155 160 166 171

31 32 33 34 35 36 37 38 39 40

99 3559 3665 3771 3877 3983 4088 4194 4299 4404 4510
98 1779 1832 1885 1938 1990 2043 2096 2149 2201 2254
97 1185 1221 1256 1291 1326 1361 1397 1432 1467 1502
96 888 915 941 968 994 1021 1047 1073 1100 1126
95 710 732 753 774 795 816 837 838 879 900
94 592 609 627 645 662 680 697 715 732 750
93 507 522 537 552 567 582 597 612 627 642
92 443 457 470 483 496 509 522 536 549 562
91 394 406 417 429 441 452 464 476 488 499
90 354 365 375 386 396 407 418 428 439 449
89 322 331 341 351 360 370 379 389 398 408
88 295 304 312 321 330 339 348 356 365 374
87 272 280 288 296 305 313 321 329 337 345
86 252 260 268 275 283 290 298 305 313 320
85 236 243 250 257 264 271 278 285 292 299
84 221 227 234 240 247 254 260 267 273 280
83 208 214 220 226 232 239 245 251 257 263
82 196 202 208 213 219 225 231 237 243 248
81 186 191 197 202 208 213 219 224 230 235
80 176 181 187 192 197 202 208 213 218 223
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MTP 3-1-005

1 March 1972

TABLE B-19

SEQUENTIAL TEST

1-8 8a - in (-.) and b - 1q-

The upper number in each cell represents a, the lower number, b.

> .001 .01 .025 .05 .10 .15 .20 .25

.001 6.907 4.604 3.688 2.995 2.302 1.896 1.608 1.385
-6.907 -6.893 -6.882 -6.882 -6.802 -6.745 -6.685 -6.620

.01 6.898 4.595 3.679 2.986 2.293 1.887 1.599 1.376
-4.604 -4.595 -4.580 -4.554 -4.500 -4.443 -4.382 -4.317

.05 6.856 4.554 3.638 2.944 2.251 1.846 1.558 1.335
-2.995 -2.986 -2.970 -2.944 -2.890 -2.833 -2.773 -2.708

.10 6.802 4.500 3.583 2.890 2.197 1.792 1.504 1.281
-2.302 -2.292 -2.277 -2.251 -2.197 -2.14 -2.079 -2.015

.20 6.685 4.382 3.466 2.773 2.079 1.674 1.386 1.163
-1.608 -1.599 -1.584 -1.558 -1.504 -1.447 -1.386 -1.322

.25 6.620 4.317 3.401 2.708 2.015 1.609 1.322 1.099
-1.385 -1.376 -1.361 -1.335 -1.281 -1.224 -1.163 -1.099

.30 6.551 4.248 3.332 2.639 1.946 1.540 1.253 1.030
-1.203 -1.194 -1.179 -1.153 -1.099 -1.041 -. 981 -. 916

.40 6.397 4.094 3.178 2.485 1.792 1.386 1.099 .875
-. 915 -. 906 -. 891 -. 865 -. 811 -. 754 -. 693 -. 629
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MTP 3-1-005
1 March 1972

TABLE B-20

FACTORS FOR DETERMINING LOWER CONFIDENCE LIMIT
FOR THE EXPONENTIAL MEAN LIFE

LFI..a

d.f. .75 .80 .90 .95 .975 .99

1 .722022 .621118 .433839 .333890 .271003 .217155
2 .742115 .667780 .514139 .421496 .360360 .300752
3 .765306 .700935 .566038 .476190 .416667 .357143
4 .784314 .727273 .597015 .516129 .457143 .398010
5 .800000 .746269 .625000 .546448 .487805 .431034

6 .810811 .759494 .648649 .571429 .515021 .458015
7 .818713 .769231 .663507 .596717 .536398 .481010
8 .824742 .780488 .680851 .608365 .555556 .500000
9 .833333 .789474 .692308 .622837 .571429 .517241

10 .840336 .800000 .704225 .636943 .584795 .531915

11 .846154 .805861 .714286 .648968 .597826 .545906
12 .851064 .810811 .722892 .659341 .609137 .558140
13 .855263 .817610 .730337 .668380 .620525 .570175
14 .858896 .823529 .738786 .677966 .629213 .579710
15 .862069 .826446 .744417 .684932 .638298 .589391

16 .864865 .831169 .751174 .692641 .646465 .598131
17 .867347 .835381 .757238 .699588 .653846 .606061
18 .871671 .839161 .762712 .705882 .661765 .614334
19 .873563 .842572 .767677 .711610 .667838 .620915
20 .877193 .845666 .772201 .716846 .674536 .627943

21 .878661 .848485 .776340 .722892 .679612 .634441
22 .881764 .852713 .780142 .727273 .b85358 .640466
23 .882917 .885019 .784983 .732484 .690691 .646067
24 .885609 .857143 .788177 .736196 .695652 .651289
25 .888099 .859107 .791139 .740741 .700280 .656168

26 .888889 .862355 .795107 .744986 .704607 .661578
27 .891089 .860000 .797637 .747922 .708661 .665845
28 .893142 .865533 .801144 .751678 .712468 .670659
29 .893683 .868263 .803324 .755208 .716934 .674419
30 .895522 .869565 .806452 .758534 .720288 .678733

Multiply factors of this table by estimated mean time between failures for
lower confidence limits.

For f > 30: lower factor f 2f

Xa, 2f
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1 March 1972

TABLE 8-21

FACTORS FOR DETERMINING UPPER CONFIDENCE LIMIT
FOR THE EXPONENTIAL MEAN LIFE

UFI-

d.f. .75 .80 .90 .95 .975 .99

1 3.478261 4.484305 9.478673 19.417476 39.525692 99.502488
2 2.083333 2.424242 3.773585 5.625879 8.264463 13.468013
3 1.739130 1.954397 2.727273 3.658537 4.838710 6.880734
4 1.577909 1.742919 2.292264 2.930403 3.669725 4,848485
5 1.483680 1.618123 2.053388 2.538071 3.076923 3.906250

6 1.421801 1.536492 1.904762 2.294455 2.727273 3.361344
7 1.372549 1.478353 1.797176 2.130898 2.486679 3.004292
8 1.344538 1.428571 1.718582 2.010050 2.315485 2.753873
9 1.313869 1.395349 1.651376 1.916933 2.187120 2.567760

10 1.290323 1.369863 1.612903 1.834862 2.085506 2.421308

11 1.279070 1.349693 1.571429 1.788618 2.000000 2.306080
12 1.263158 1.325967 1.528662 1.379130 1.935484 2.201835
13 1.250000 1.313131 1.502890 1.688312 1.884058 2.131148
14 1.233480 1.296296 1.481481 1.656805 1.830065 2.058824
15 1.224490 1.282051 1.456311 1.621622 1.785714 2.000000

16 1.212121 1.274900 1.434978 1.592040 1.748634 1.951220
17 1.205674 1.263940 1.416667 1.566820 1.717172 1.910112
18 1.200000 1.254355 1.406250 1.545064 1.690141 1.875000
19 1.191225 1.245902 1.391941 1.526104 1.679389 1.835749
20 1.186944 1.238390 1.374570 1.509434 1.639344 1.801802

21 1.179775 1.228070 1.363636 1.494662 1.615385 1.772152
22 1.176471 1.222222 1.353846 1,476510 1.594203 1.752988
23 1.170483 1.216931 1.345029 1.464968 1.575342 1.722846
24 1.167883 1.212121 1.337047 1.450151 1.558442 1.702128
25 1.162791 1.207729 1.326260 1.436782 1.543210 1.683502

26 1.158129 1.200924 1.319797 1.428571 1.529412 1.666667
27 1.156317 1.197339 1.310680 1.417323 1.516854 1.646341
28 1.152263 1.191489 1.305361 1.407035 1.505376 1.632653
29 1.148515 1.188524 1.297539 1.397590 1.494845 1.615599
30 1.145038 1.185771 1.290323 1.388889 1.481481 1.600000

Multiply factors of this table by estimated mean time between failures for
the upper confidence limit.

2!
For f > 30: upper factor 2 2f

I--a , 2f
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MTP 3-1-005

1 March 1972

TABLE B-22

EXPONENTIAL FUNCTION: e-x

x 0 1 2 3 4 5 6 7 8 9

.00 1.0000 .9990 .9980 .9970 .9960 .9950 .9940 .9930 .9920 .9910

.01 .9900 .9890 .9980 .9870 .9860 .9851 .9841 .9831 .9821 .9811

.02 .9802 .9792 .9782 .9773 .9763 .9753 .9743 .9734 .9724 .9714

.03 .9704 .9695 .9685 .9675 .9665 .9656 .9646 .9637 .9627 .9618

.04 .9608 .9598 .9589 .9579 .9570 .9560 .9550 .9541 .9531 .9522

.05 .9512 .9503 .9493 .9484 .9474 .9465 .9455 .9446 .9436 .9427

.06 .9418 .9408 .9399 .9389 .9380 .9371 .9361 .9352 .9343 .9333

.07 .9324 .9315 .9305 .9296 .9287 .9277 .9268 .9259 .9250 .9240

.08 .9231 .9222 .9213 .9204 .9194 .9185 .9176 .9167 .9158 .9148

.09 .9139 .9130 .9121 .9112 .9103 .9094 .9085 .9076 .9066 .9057

.10 .9048 .9039 .9030 .9021 .9012 .9003 .8994 .8985 .8976 .8967

.11 .8958 .8949 .8940 .8932 .8923 .8914 .8905 .8896 .8887 .8878

.12 .8869 .8860 .8851 .8843 .8834 .8825 .8816 .8807 .8799 .8790

.13 .8781 .8772 .8763 .8755 .8746 .8737 .8728 .8720 .8711 .8702

.14 .8694 .8685 .8676 .8668 .8659 .8650 .8642 .8633 .8624 .8616

.15 .8607 .8598 .8590 .8581 .8573 .8564 .8556 .8547 .8538 .8530

.16 .8521 .8513 .8504 .8496 .8487 .8479 .8470 .8462 .8454 .8445
.17 .8437 .8428 .8420 .8411 .8403 .8395 .8386 .8378 .8369 .8361
.18 .8353 .8344 .8336 .8328 .8319 .8311 .8303 .8294 .8286 .8278
.19 .8270 .8261 .8253 .8245 .8237 .8228 .8220 .8212 .8204 .8195

.20 .8187 .8179 .8171 .8163 .8155 .8146 .8138 .8130 .8122 .8114

.21 .8106 .8098 .8090 .8082 .8073 .8065 .8057 .8049 .8041 .8033

.22 .8025 .8017 .8009 .8001 .7993 .7985 .7977 .7969 .7961 .7953

.23 .7945 .7937 .7929 .7922 .7914 .7906 .7898 .7890 .7882 .7874

.24 .7866 .7858 .7851 .7843 .7835 .7827 .7819 .7811 .7804 .7796

.25 .7788 .7780 .7772 .7765 .7757 .7749 .7741 .7734 .7726 .7718

.26 .7711 .7703 .7695 .7687 .7680 .7672 .7664 .7657 .7649 .7641

.27 .7634 .7626 .7619 .7611 .7603 .7596 .7588 .7581 .7573 .7565

.28 .7558 .7550 .7543 .7535 .7528 .7520 .7513 .7505 .7498 .7490
-29 .7483 .7475 .7468 .7460 .7453 .7445 .7438 .7430 .7423 .7416

.30 .7408 .7401 .7393 .7386 .7379 .7371 .7364 .7357 .7349 .7342

.31 .7334 .7327 .7320 .7312 .7305 .7298 .7291 .7283 .7276 .7269

.32 .7261 .7254 .7247 .7240 .7233 .7225 .7218 .7211 .7204 .7196

.33 .7189 .7182 .7175 .7168 .7161 .7153 .7146 .7139 .7132 .7125

.34 .7118 .7111 .7103 .7096 .7096 .7089 .7082 .7075 .7068 .7054

.35 .7047 .7040 .7033 .7026 .7019 .7012 .7005 .6q98 .6991 .6983

.36 .6977 .6970 .6963 .6956 .6949 .6942 .6935 .6928 .6921 .6914

.37 .6907 .6900 .6994 .6887 .6880 .6873 .6866 .6859 .6852 .6845

.1 .6839 .6832 .6825 .6818 .6811 .6805 .6798 .6791 .6784 .6777

.39 .6771 .6764 .6757 .6750 .6744 .6737 .6730 .6723 .6717 .6710
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TABLE B-22 continued

EXPONENTIAL FUNCTION: e-x

x 0 1 2 3 4 5 6 7 8 9

.40 .6703 .6697 .6690 .6683 .6676 .6670 .6663 .6656 .6650 .6643

.41 .6637 .6630 .6623 .6617 .6610 .6603 .6597 .6590 .6584 .6577

.42 .6570 .6564 .6557 .6551 .6544 .6538 .6531 .6525 .6518 .6512

.43 .6505 .6499 .6492 .6486 .6479 .6473 .6466 .6460 .6453 .6447

.44 .6440 .6434 .6427 .6421 .6415 .6408 .6402 .6395 .6389 .6383

.45 .6376 .6370 .6364 .6357 .6351 .6344 .6338 .6332 .6325 .6319

.46 .6313 .6307 .630C .6294 .6288 .6281 .6275 .6269 .6263 .6256
.47 .6250 .6244 .6238 .6231 .6225 .6219 .6213 .6206 .6200 .6194
.48 .6188 .6182 .6175 .6169 .6163 .6157 .6151 .6145 .6139 .6132
.49 .6126 .6120 .6114 .6108 .6102 .6096 .6090 .6084 .6077 .6071

.50 .6065 .6059 .6053 .6047 .6041 .6035 .6029 .6023 .6017 .6011.51 .6005 .5999 .5993 .5987 .5981 .5975 .5969 .5963 .5957 .5951

.52 .5945 .5939 .5933 .5927 .5921 .5916 .5910 .5904 .5898 .5892.53 .5886 .5880 .5874 .5868 .5863 .5857 .5851 .5845 .5839 .5833.54 .5827 .5822 .5816 .5810 .5804 .5798 .5793 .5787 .5781 .5775

.55 .5769 .5764 .5758 .5752 .5746 .5741 .5735 .5729 .5724 .5718
.56 .5712 .5706 .5701 .5695 .5689 .5684 .5678 .5672 .5667 .5661
.57 .5655 .5650 .5644 .5638 .5633 .5627 .5621 .5616 .5610 .5606.58 .5599 .5593 .5588 .5582 .5577 .5571 .5565 .5560 .5554 .5549.59 .5543 .5538 .5532 .5527 .5521 .5516 .5510 .5505 .5499 .5494

.60 .5488 .5483 .5477 .5472 .5466 .5461 .5455 .5450 .5444 .5439

.61 .5434 .5428 .5423 .5417 .5412 .5406 .5401 .5396 .5390 .5385

.62 .5379 .5374 .3b9 .5363 .5358 .5353 .5347 .5342 .5337 .5331

.63 .5326 .5321 .5315 .5310 .5305 .5299 .5294 .5289 .5283 .5278

.64 .5273 .5268 .5262 .5257 .5252 .5247 .5241 .5236 .5231 .5226

.65 .5220 .5215 .5210 .5205 .5200 .5194 .5189 .5184 .5179 .5174

.66 .5169 .3163 .5158 .5153 .5148 .5143 .5138 .5132 .5127 .5122.67 .5117 .5112 .5107 .5102 .5097 .5092 .5086 .5081 .5076 .5071
.68 .5066 .5061 .5056 .5051 .5046 .5041 .5036 .5031 .5026 .5021
.69 .5016 .5011 .5006 .5001 .4996 .4991 .4986 .4981 .4976 .4971

.70 .4966 .4961 .4956 .4951 .4946 .4941 .4936 .4931 .4926 .4921.71 .4916 .4912 .4907 .4902 .4897 .4892 .4887 .4882 .4877 .4872

.72 .4868 .4863 .4858 .4853 .4848 .4843 .4838 .4834 .4829 .4824

.73 .4819 .4814 .4809 .4805 .4800 .4795 .4790 .4785 .4781 .4776

.74 .4771 .4766 .4762 .4757 .4752 .4747 .4743 .4738 .4733 .4728

.75 .4724 .4719 .4714 .4710 .4705 .4700 .469ý .4691 .4686 .4681

.76 .4677 .4672 .4667 .4663 .4658 .4653 .4649 .4644 .4639 .4635
.77 .4630 .4626 .4621 .4616 .4612 .4607 .4602 .4599 .4593 .4589
.78 .4584 .4579 .4575 .4570 .4566 .4561 .4557 .4552 .4548 .4543
.79 .4538 .4534 .4529 .4525 .4520 .4516 .4511 .4507 .4502 .4498
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TABLE B-22 continued
-x

EXPONENTIAL FUNCTION: e

x 0 1 2 3 4 5 6 7 8 9

80 .4493 .4489 .4484 .4480 .4475 .4471 .4466 .4462 .4457 .4453
.81 .4449 .4444 .4440 .4435 .4431 .4426 .4422 .4418 .4413 .4409
.82 .4404 .4300 .4396 .4391 .4337 .4382 .4378 .4374 .4369 .4365
.83 .4360 .4356 .4352 .4347 .4343 .4339 .4334 .4330 .4326 .4321
.84 .4317 .4313 .4308 .4304 .4300 .4296 .4291 .4287 .4283 .4278

.85 .4274 .4270 .4266 .4261 .4257 .4253 .4249 .4244 .4240 .4236

.86 .4232 .4227 .4223 .4219 .4215 .4211 .4206 .4202 .4198 .4194

.87 .4190 .4185 .4181 .4177 .4173 .4167 .4164 .4160 .4156 .4152

.88 .4148 .4144 .4140 .4135 .4131 .4127 .4123 .4119 .4115 .4111

.89 .4107 .4102 .4098 .4094 .4090 .4086 .4082 .4078 .4074 .4070

.90 .4066 .4062 .4058 .4054 .4049 .4045 .4041 .4037 .4033 .4029

.91 .4025 .4021 .4017 .4013 .4009 .4005 .4001 .3997 .3993 .3989

.92 .3985 .3981 .3977 .3973 .3969 .3965 .3961 .3957 .3953 .3949

.93 .3946 .3942 .3938 .3934 .3930 .3926 .3922 .3918 .3914 .3910

.94 .3906 .3902 .3898 .3894 .3891 .3887 .3883 .2879 .3875 .3871

.95 .3867 .3864 .3860 .3856 .3852 .3848 .3844 .3840 .3837 .3833

.96 .3829 .3825 .3821 .3817 .3814 .3810 .3806 .3802 .3798 .3795

.97 .3791 .3787 .3783 .3779 .3776 .3772 .3768 .3764 .3761 .3757

.98 ,3753 .3749 .3746 .3742 .3738 .3734 .3731 .3727 .3723 .3719

.99 .3716 .3712 .3708 .3705 .3701 .3697 .3694 .3690 .3686 .3682

x
1 2 3 4 5 6 7 8 9

.3679 .1353 .0498 .0183 .0067 .0025 .0009 .0003 .0001

NOTE: To obtain values for e-x in which x is greater than one and not a whole
number, multiply the whole number value of e by the fractional value
of e.
Example:

-1.213 -l (e-213)e . -(e-1)(e

- (.3679).(.8082)
- .29733678
- .297
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TkBLE B-23

TREND TEST

TABLE OF PEPCENTAGE POINTS FOR S2

S2

N .99 .95

4 .3128 .3902

5 .2690 .4102

6 .2808 .4452

7 .3070 .4680

8 .3314 .4912

9 .3544 .5122

10 .3759 .5311

11 .3957 .5483

12 .4140 .5638

13 .4309 .5779

14 .4466 .5908

15 .4611 .6027

16 .4746 .6136

17 .4872 .6237

18 .4989 .6330

19 .5100 .6417

20 .5203 .6498

21 .5300 .6574

22 .5392 .6645
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TABLE B-23 continued

N .99 .95
23 .5479 .6712

24 .5561 .6776

25 .5639 .6836

26 .5713 .6893

27 .5784 .6947

28 .585.1. .6997

29 .5915 .7045

30 .5976 .7091

31 .6034 .7135

32 .6089 .7177

33 .6142 .7217

34 .6193 .7256

35 .6242 .7294

36 .6290 .7330

37 .6337 .7365

38 .6382 .7399

39 .6425 .7432
40 ..6467 .7463

41 .6508 .7493

42 .6548 .7522

43 .6586 .7550

44 .6623 .7577

45 .6659 .7603
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TABLE B-23 continued

N .99 .95

46 .6693 .7628

47 .6726 .7652

48 .6757 .7675

49 .6787 .7697

50 .6816 .7718

ioi
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S6

U. S. ARMY TEST AND EVALUATION C044AND
Aberdeen Proving Ground, Maryland 21005

MTP 3-1-005 10 June 1974
AD 741811
CHANGE 1

SvFIELD ARTILLERY STATISTICS

MTP 3-1-005, 1 March 1972, is changed as follows:

1. Remove pages and insert pages as indicated below.

Remove pages- Insert pages-

ix and x ix and x
T and 8 7 and 8
9 and 10 9 and 10

15 and 16 15 and 16
21 and 22 21 and 22
25 and 26 25 and 26
35 and 36 35 and 36
37 and 38 37 and 38
39 and 40 39 and 140
43 and 144 143 and 1414
45 and 46 145 and 46
51 and 52 51 and 52
53 and 54 53 and 54
55 and 56 55 and 56
57 and 58 57 and 58
63 and 64 63 and 614
ý5 and 66 65 and 66
67 and 68 67 and 68
69 and 70 69 and 70
71 and 72 71 and 72
77 and 78 77 and 78
79 and 80 79 and 80
83 and 814 83 and 814
85 and 86 85 and 86
87 and 88 87 and 88
89 and 90 89 and 90
91 and 92 91 and 92
93 and 914 93 and 914
95 and 96 95 and 96
97 and 98 97 and 98
99 and 100 99 and 100

103 and 104 103 and 104
105 and 106 105 and 106
107 and 108 107 and 108
113 and 114 113 and 114
115 and 116 115 and 116
119 and 120 119 and 120
125 and 126 125 and 126



TnP 3-1-005 10 June 1974

AD 741811
CHANGE 1

Reove pages- Insert p•aes-

127 and 128 127 and 128
129 sad 130 129 and 130

131& and 132 131s and 132
133 and 130 133 and 130

135 and 136 135 and 136
137 and 138 137 and 138

139 and 14o 139 and 140
141 and 142 141 and 142
143 and 144 143 and 144
145 and 146 145 and 146
151 and 152 151 and 152
153 and 154 153 and 154
155 and 156 155 and 156
157 and 158 157 and 158
159 and 160 159 and 160
161 and 162 161 and 162
1-1 and 1-2 1-1 and 1-2

1-13 and 1-14 1-13 and 1-14
1-19 and 1-20 1-19 and 1-20
1-23 and 1-24 1-23 and 1-24

2-17 and 2-18 2-17 and 2-18
2-33 and 2-34 2-33 and 2-34

2-35 and 2-36 2-35 and 2-36
2-49 and 2-50 2-49 and 2-50
2-53 and 2-514 2-53 and 2-54

2-129 and 2-130 2-129 and 2-130

2. A vertical line in the left margin indicates the changed portion of the

revised page.

3. Attach this sheet to the front of the reference copy for information.

2
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MrP 3-1-005
21 March 1972

M - Maintainability; the probability that an item will be retained in or
restored to a specified condition within a period of time, when the
maintenance is performed in accordance with prescribed procedures
and resources.

•MA - Total number of maintenance actions.

MR - Maintenance ratio; amount of active maintenance time per hour.

M1  - Mean time between failures (lower confidence limit).
NOTE: The parameter may be rounds or miles instead of time.

M2  - Mean time between failures (upper confidence limit).

MDT - Mean downtime.

H - Mean active maintenance time; total maintenance time divided by
the number of maintenance actions.

MPI - The mean point of impact; the mean horizontal coordinates for
ground bursts.

MTBF - Mean time between failures.

MTBFt - Mea time between failures where continued testing is necessary.

MTBM - Mean time between maintenance.

MTTR - Mean time to repair.

m - Miss distance; the distance between the aiming point and MPI.

MP - Mission (operational) profile, generally found in the Requirements
Document.

u - Small Greek letter mu used to denote the population mean.

uA - Small Greek letter mu used to denote the population mean for a
Type A item.

U 1B - Small Greek letter mu used to denote the population mean for
a Type B item.

u - Small Greek letter mu with subscript zero used to denote the
o required mean found in the Requirements Document or from a -.

comparable item.

N - Number of samples; sample size.

NA - Number of samples for a Type A item.

N - Number of samples for a Type B item.
B

Nt - Sample size required to test the criteria; computed before testing
starts.

Nmin - Used when computing combined system reliability; the sample size
for that individual component of a system which is tested fewer
times than the other components.

OC - Operating-characteristic curve used to determine required sample
size for testing given criteria.

ix
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MT? 3-1.-005

10 June 19T4
CHANGE 1

W - Small Greek letter omega used to denote allowable maintenance action
time as prescribed in the Requirements Document.

- Capital Greek letter pi used to represent the product of items; e.g.,
N
n x -(x)(x) (x)

Jul 1 1 2 N

p - The probability of an event occurring. (It cannot be less than
zero or greater than one.)

PE - Probable error to which necessary subscripts are added to denote
types of PE; e.g., PER (range probable error), PFE (deflection pro-
bable error), or P% (height of burst probable error); a deviation
from u such that 50% of the observations may be expected to lie
between V-PE and u+PE.

PE A - Probable error for a Type A item to which necessary subscripts
are used to denote types of PEA; e.g., PE A (range probable error

for a Type A item), PE (deflection probale error for a Type AAD
item), or PE • ( height of burst probable error for a Type A item).

PE - Probable ertor for a Type B item to which necessary subscripts
are added to denote types of PEB; e.g., PEB, PE or PEH

B BR" B D' FBH

FP Sample Proportion; the ratio of the items possessing a given char-
acteristic divided 1w the serple size.

PA - Sample Proportion for a Type A item.

PB - Sample Proportion for a Type B item.

P - The requirad maximum proportion of defectives; P0 equals X , if
0 A is in terms of defectives or P equals the quan•tity (1-40), if

A is in terms of successes.
0

PU - Upper limit for the proportion of defectives; the difference
between P and the amount of doubt (Pu - Po - D).

POB - The mean point of burst; the mean coordinates for air bursts.

q - The ratio of the range of the observations to the standard de-
viation; the studentized range (q) distribution.

R - Reliability; the extent to which a test yields the same results
on repeated trials.

0 - Small Greek letter rho used to denote the population reliability.

Po - Small Greek letter rho with subscript zero used to denote the re-
quired reliability prescribed in the Requirements Document.

RU - Upper limit for the reliability; the sum of p and the amount of
doubt (RU -o + D).

x



10 June 19"T1
CIANCE

• - (1) Square the difference between the mean and reading i.e.,
(x-_ 2 .

"(2) Suw the squares; i.e., Z(x-j) 2 .
(3) Average the aum by dividing by N; i.e., Z(x-X) 2 .

"(4) Find the square root of the average; i.e., a rx-X_2.

(The square root is used to compensate for the fact N

that the deviations were squared.)

c. In recent years there has been a tendency to divide by N-I
rather than by N. The reason for this is that if s2 is used to estimate a
population variance (o2), the mean obtained is usually too small and biased
if N is the divisor. Therefore, N-1 as a divisor yields a truer estimate
of the population variance. Since the population is the item of interest
rather than only a few samples, N-i will be used throughout this MITP in
computing s2 or s; i.e.,

(sea paragraph 7.1, page 64, for computations). The population standard
deviation (a) is a measure of the extent to which a population characteristic
varies from one item to another.

SNOTE: The standard deviation may also be computed by the
following forimla:

Z2 - ý:x)2s= N (N-1)

4.5.2 RANGE

The range is the difference between the smallest and the largest
readings in the sample. The range multiplied by the appropriate factor from
Table B-1, page 2-1, approximates a for a small sample (N r 10) and a normal
distribution (paragraph 4.15.1, page 15).

4.5.3 MEAN DEVIATION

The mean deviation of a normal distribution is the mean of the
deviations from the mean or median of the N sample members. The deviations
from the mean (median) is the absolute value of the mean (median) subtracted
from the readiag. The mean deviation multiplied by a factor from Table B-2,
page 2-2, approximates a for a small sample (N 1 10) and a normal distribution
(see paragraph 4.15. 1, page 15).

4.5.4 PROBABLE ERROR MNANGE, DEFLECTION. AND HEIGHT OF BURST)

The probable error (PE) is a measure of deviation from u such
that 50% of the observations may be expected to lie between u-PE and u+PE.
However, certain conditions must exist for the PE to have any meaning. These
are independent (random) samples, normal distribution, and large sample size.
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PE may be expressed for various parameters, range (PER), deflection (PED),
and height of burst (PEH). For the population probable error (T), r - 0.6745a
and J - 1.4826 T. Since a sample is being examined as a representative of
the population, PE - 0.6745s and s - 1.4826PE. Firing tables and other data
concerning Field Artillery precision contain the appropriate PE's. When
testing for precision, end results are often expressed in terms other than PE.
This occurs in modern day testing because prototype samples are not random
representations of production line items, the normal distribution is not
appropriate in many cases, and small sample sizes bias the PE. The more
modern standard deviation is in wider use as a measure of dispersion than
is the probable error because s is commonly computed for statistical
analysis. Due to the freedom to use small or large sample sizes, the wider
applications of the standard deviation, and the ease of calculation, statistical
tests involving standard deviation comparisons are more widely used than
those involving PE comparisons.

4.5.5 CIRCULAR PROBABLE ERROR

The circular probable error (CPE or CEP) is a measure of
deviation from U and defines the radius of the circle which is centered at the
mean and in which 50% of the observations are contained. CPE - 1.1774 times
the population standard deviation for the easting (OE) when OE equals the
population standard deviation for the northing (ON). When aE # ON, the CPE
is called tfie equivalent CPE and equals .5887 (aE+ON). In terms of a sample,
the equivalent CPE - .5887 (sE+sN). However, as for the PE, certain conditions
must exist for the CPE to have any meaning; these are independent (random
samples, a bivariate normal distribution, and a large sample size. Firing
tables and other data concerning Field Artillery precision may contain the
CPE. When testing for precision end results are often expressed in terms
other than CPE. This occurs in modern day testing because prototype samples
are not random representations of production line items, the bivariate
normal distribution is not appropriate, and small sample sizes bias the CPE.
The bivariate normal distribution is a representation of the measure of
dispersion for two variables (see paragraph 4.15.2, page 15 and paragraph
9.2.4, page 118).

4.6 RELIABILITY

a. Reliability is the probability of an item functioning
adequately for the period of time intended under the operating conditions
encountered. Along with the numerical value of the reliability, a fraction
or a percent value, the following are necessary!

(1) Define precisely a success or satisfactory performance.
(2) Specify the time base or operating cycles over which

such performance is to be sustained; e.g., hours,
miles, or rounds. This factor is particularly important
since the probability value is based on completing a
mission or task. For example, if the probability of a
test item operating for 50 hours is 0.65 or 65%, then
on the average 65 times out of 100 trials the tes,
item would be functioning after a 50-hour operating period.
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(3) Specify the environment or use conditions which will
prevail. Typical of these conditions are temperature,
humidity, shock, and vibration. Without these various
conditions the reliability definition would be relatively
meaningless.

b. Due to the various types of test items and the various
distributions which apply, reliability may be evaluated by several methods
(see paragraph 10, page llB).

4.7 TEST OF A STATISTICAL HYPOTHESIS

The investigator's objective can often be translated into an
hypothesis (assumption or claim) concerning the test item. This hypothesis,
called the null hypothesis, usually states that the test item does not meet
the stated requirements. This explains why it is called the null (not)
hypothesis. A decision is made to acceptor reject the null hypothesis
using the test data from the sample. Failure to reject the null hypothesis
does not necessarily mean that the hypothesis is true but merely indicates
that the sample is compatible with the kind of population described in the
null hypothesis. The same is true if the null hypothesis is rejected; the
fact is mevely recognized that the sample is not compatible with the kind
of population described in the null hypothesis. Associated with the null
hypothesis are two types of errors (paragraph 4.8, page 10), and a signi-
ficance level (paragraph 4.9, page 10). In general, to test a null hypothesis
and construct statistical decision criteria, the following outline is used:

a. Formulate the null hypothesis so that it states that the
test item does not meet the stated requirements. The null hypothesis is a
numeric expression; e.g., I > 25.

b. Formulate an alternative hypothesis so that the rejection
of the null hypothesis is equivalent to the acceptance of the alternative
hypothesis. The alternative hypothesis is also a numeric expression e.g.,
X'125.

c. Specify the probability to be risked as a Type I error.
If possible, desired, or necessary, also make some specifications about the
probability of a Type II error for a given alternate value of the parameter
concerned.

d. Use the appropriate statistical theory (e.g., paragraphs
6.2, page 36, and 6.3, page 45) to test the null hypothesis.

NOTE: In some cases when the null hypothesis has been
rejected, a reserve judgment decision will be made
instead of accepting the alternative hypothesis;
e.g., in3ufficient sampling to produce conclusive
results.

"-9-



MTP 3-1-005

1 March 1972

4.8 TYPES OF ERROR

4.8.1 TYPE I ERROR

The Type I error is rejection of the null hypothesis when it
is true. The risk of Type I error is the level of significance (a). It is
the more important of the two error types, since rejecting an item when in
fact it is good is better economically than accepting an item when in fact
it is bad. The value of a is arbitrary but will sometimes be found in the
Requirements Document. In the event the significance level or confidence
level (confidence level - 1 - significance level) is not specified in the
Requirements Document, a - .10 or confidence level - .90 will be used.

4.8.2 TYPE II ERROR

The Type II error is the acceptance of the null hypothesis when
it is false. The risk of a Type II error is denoted by S. The value of 8
is not as restricted as that of a. In the event a and 8 are highly restricted,
the sample size must be very large to reach an accept or reject decision.
When 8 is not specified in the Requirements Document, .20 will be used.

4.9 LEVEL OF SIGNIFICANCE.

a. The risk of making a Type I error (m) equals the level
of significance of the test. The null hypothesis serves as an origin or
base. From the null hypothesis the test criterion may be a two-sided test
(two-tail test) or a one-sided test (one-tail test). The two-sided test
involves an area at each extreme of the distribution curve (note Figure 3A);
e.g., if a - .05 or 5%, then the shaded areas in Figure 3A are each equal to
2.5% of the total area under the curve. The one-sided test is only con-
cerned with the area under the curve at one extreme (note Figure 3B); e.g.,
if a - .05 or 5%, then the shaded area in Figure 3B is equal to 5% of the
total area under the curve. When the stated requirement is in the shaded
area, the null hypothesis is accepted which means that the item is not
acceptable.

b. In general, a test is said to be one-sided or two-sided
(one-tailed or two-tailed) depending on whether a is concentrated at one
end of the curve (left or right) or is divided into two areas with the
areas situated at opposite ends of the curve (see Figure 3).

4.10 CONFIDENCE INTERVAL, LIMITS, AND LEVEL

a. When estimating a population measure, such as u, by a
sample measure, such as r, v has a value somewhere near T. How near u is to
X is determined by an interval constructed about 7; and, at a specified
confidence level, 4 lies in this interval. This interval is called the
confidence interval. The tnterval between the shaded areas of Figure 3A is
an example of a confidence I,.nterval (see paragraph 6.1.2.1, page 27).

b. The end poin'ts of the confidence interval are called con-
fidence limits. Thus, there exist an upper confidence limit (UCL) and

a lower confidence limit (LCL).,, The LCL and UCL are shown in Figure 3A. In
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standard item mean has been used in some of the illustrated cases (see para-
graph 6.1.3, page 33, and paragraph 6.2.3, page 43). This is considered
appropriate since the timing and recording of the data for the tests may be
easily controlled. However when the test item has a large standard deviation,
an error as great as five percent may be acceptable in order to keep sample
sizes reasonable.

4.15 PARTICULAR DISTRIBUTIONS

4.15.1 NORMAL DISTRIBUTION

a. The normal distribution is by far the most important con-
tinuous distribution (see pages 2 to 4). Due to the laws of chance repeated
measurements of the same physical quantity occur with such a dispersion that
a pattern (distribution) is evident and can be closely approximated by a
certain kind of continuous distribution, referred to as the "normal curve
of errors." The graph of a normal distribution is a bell-shaped curve that
extends indefinitely in both directions (see Figure 6A).

b. The mean is at the peak of the distribution, and the standard
deviation determines the spread of the distribution. The physical area from
a to b uneer two normal distributions may not be equal (see Figure 6B). Since
constructron of separate tables of normal curve areas for each conceivable
pair of values for p and a is impractical, areas are tabulated only for the
so-ýcalled standard normal distribution which has a mean of zero and a standard
deviation of one. The conversion of a normal distribution to a standard
normal distribution is accomplished by using the eqiation Z - x-u (see
Figure 7A). With the conversion to standard units, Table B-3,-page 2-3, may
be used. The entries in this table are the areas under the standArd normaldistribution between the mean (Z - 0) and Z - .01, ... , 3.09. The negative
Svalues of Z (areas to the left of the mean) are not needed by virtue of the

symmetry of a normal curve about its mean; e.g., the area between Z - -1.33Sand Z - 0 is the same as the area between Z - 0 and Z - 1.33, which is 0.4082.

In the event the percentage of area under the curve to the left of a given
value of Z is desired, Table B-3, page 2-3 and this value of Z are used to
determine the percent from the mean. If Z is positive, the percentage of
the area to the left of Z equals .50 plus the value obtained from Table B-3;
e.g., if Z - .92 the percent of area is .50 + .3212 which is .8212 or 82.12%
of the area. If Z is negative, the percentage of the area to the left of Z
equals .50 minus the value obtained from Table B-3; e.g., if Z - -. 92, the
percent of area is .50 - .3212 which is .1788 or 17.88% of the area.

c. The percentage of area between two Z values can be determined
by obtaining the areas for the Z values from Table B-3, page 2-3, and either
subtracting the smaller area from the larger area if both Z values are on the
same side of the mean or adding the areas if the Z velues are on opposite
sides of the mean (see Figure 7B).

4.15.2 BIVARIATE NORMAL DISTRIBUTION

a. A bivariate normal distribution is a population in which
each member is dependent on two variables (values); e.g., easting and northing.
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NORMAL DISTRIBUTION CURVE

' A'
b P

U2

Parameter

A

a Ii

1 2

Figure 6
The data may be grouped into a table of double entry shoving the frequencies
of pairs of values lying vithin given class intervals. Each roy in such a
table gives the frequency distribution of the first variable for the members
of the population in vhich the second variable lies vithin the limits stated
on the left of the row. A similar statement can be made ibout the columns.
A grouped frequency dlstribution of the type in Tables A-la and A-lb, page
1-1 may be termed a bivariate frequency distribution.

b. The shape of the bivariate normal population is a normal
distribution in three dimensions, rising to its greatest height at the center
and fading away to tangency (see Figure 8). Some properties of the bivariate
normal distribution are:
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STUDENT t DISTRIBUTION CURVZ

V %%

Parameter

- Student t-distribution curve

Normal distribution curve
Figure 10

F DISTRIBUTION CURVE

U

Parameter F

Figure 11
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often stated with a given confidence level. The theory on which these con-

fidence intervals are based assumes that the population from which the sample
is obtained has roughly the shape of a normal distribution and is called the
chi-square (X2 ) distribution. An example of a chi-square distribution is
shown in Figure 12A; in contrast to the normal and t distribution, its domain
is restricted to the nonnegative real numbers.

b. The X2 distribution is also different from those previously
discussesd in that the area under the curve is summed from the X2 point to the
right. The value for X2 _0 represents an area of a under the curve (right-
hand tail, see Figure IAA), while X2 represents an area of 1-a to the right
under the curve (see Figure 12B). Due to the shape of the X2 curve the point
values of x2a/2 and X2_c/ 2 will be different even though the significance

levels are equ4al (see Figure 12C). This distinction is important due to the
fact the distribution is not symmetrical; thus, a table containing values
corresponding to areas in either tail of the distribution is necessary. Thus,
with a confidence level of 1-a,

(N-I)s 2 < a < N-l)s 2

2 2

As the Sample size decreases, the interval for a becomes wider. Therefore,
in most tests applying the chi-square distribution, a normal sample size is

needed (N 1 30).

4.16 ROUND OFF PROCEDURES

a. Since all measuring equipment has limited accuracy, the
measurements are also of limited accuracy and thus consist of numbers which
have been rounded off; e.g., if an instrument is accurate to tenths of
minutes and a time measurement is 12.2 minutes, the time may actually have
been any value between 12.15 and 12.25 minutes.

b. When test data are used to compute test item characteristics,
such as the mean and standard deviation, the results must be consistent with
the original data; i.e., the mean weight of a group of projectiles cannot be
more accurate than the individual weights used to compute the mean. The
following are some basic rules concerning significant figures and the rounding
of data:

(1) Significant figures (significant digits) are the digits
of a number that begin with the first digit on the ex-
trmae left that is not a zero (if there are any nonzero
digits to the left of the decimal point), or with the
first digit (zero or nonzero) to the right of the
decimal point, and that end with the last digit on the
right that is not a zero or that is a zero which is
-considered accurate. For example:

* (a:) 12304 has five significant digits.

(b) 1.0200 has five significant digits.

(when a number ends with a zero which is on the right of the decimal point,
the zero is significant.)

-22-



" MT 3-1-005

1 March 1972

5.2 DATA REQUIRED

A list of sample readings.

"5.3 PROCEDURE

a. N is odd.

"(1) List the readings in descending or ascending order.
(2) Use the middle reading for the median.

b. N is even

(1) List the readings in descending or ascending order.
(2) Use the average of the two middle readings for the

median.

5.4 EXAMPLE

a. Case I.

Given:
S- N-5

Procedure: Example:

(1) List the readings in order. (1) 15
13.5
12.7
12
11.9

(2) Use the N+1 reading for the (2) N+ 5+1

median. 2 2

-3

The median is the 3rd reading.
The median - 12.7

b. Case II

Given:
N-6

Procedure: Example:

(1) List the readings in order (1) 250
245
230
228
225
224.6
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(2) Use the and +1lrea~dings (2)N 3
2 2T

to compute the median which is the N 1 4
average of the two. The median T 2

Use the 3rd and 4th readings to
N N compute:
(t reading) + (-. + 1 reading)

230+228
2 The median -

458"-7"

5.5 ANALYSIS 
229

The median equals the mean if the population is normally dis-
tributed; otherwise, it is only another measure of central location, which
denotes the midpoint of the total dispersions.

6.1 ESTIMATE OF THE POPULATION MEAN (u).

6.1.1 BEST SINGLE ESTIMATE OF u.

6.1.1.1 OBJECTIVE

"To determine the best point estimate of the population mean
for a normal distribution.

6.1.1.2 DATA REQUIRED

A list of sample readings; e.g., the time required for prepare
for action under daylight conditions.

6.1.1.3 PROCEDURE

a. Sum the list of data for the parameter.

b. Divide the sum by the number of readings recorded to obtain
the mean of the parameter.

6.1.1.4 EXAMPLE

Given:
Sample data at Table A-2a, page 1-2.

Procedure: Example:

* a. Sum the parameter. a. Sum - 1037.0 min
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6.1.3.1.5 ANALYSIS

If Nt samples are tested and X is computed, conclude that p 4 X
+ c and V 7 - £ at a 100(l-a)% confidence level.

6.1.3.2 SAMPLE SIZE REQUIRED TO ESTIMATE u WITH a KNOWN

6.1.3.2.1 OBJECTIVE

To determine the Nt required in order to state that v is equal to
or between 7 + e and 7 - e at the desired confidence level when a is known.

6.1.3.2.2 DATA REQUIRED

a, which is known from a standard item, history, or Requirements
Document.

6.1.3.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Choose the allowable amount of error.

c. Use Table B-4, page 2-4, to obtain Z.

d. Compute Nt as follows:

(1) Square step c.
(2) Square a.
(3) Square c.
(4) Multiply step (1) by step (2).
(5) Divide step (4) by step (3).
(6) Round step (5) to the next larger whole number.

e. Conclude that Nt samples are required in order to state that
ii is equal to or between X + E and Y- c at- the desired confidence level.

6.1.3.2.4 EXAMPLE

Given:
a - 2.0 min.

Procedure: Example:

a. Choose the confidence level a. a - .05
(1-a). 1-a0 .95

1-0/2 0 .975
b. Chbmse c. b. c .8 min.
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c. Use Table B-4, page 2-4, c. Z.975 -1.960
to obtain Zl/ 2 .

d. Compute: d. Nt a (1.96)2(_2.0)2
(.8)2

Nt = (Z /) 2(0)2 - (3.842)(4.00)
_.64

£2

- 15.37
.64

- 24.02

- 25

e. Conclude that N samples are e. If 25 samples are tested
required in order toE state that and X computed, conclude that
U < + c and u > X - E at a u < + .8 mitt. and U > X - .8

100(l-a)% confidence level. min. at a 95% confidence level.

6.1.3.2.5 ANALYSIS

If Nt samples are tested and X is computed, conclude that
p<X + r and iA -> £ at a 100 (1-a)% confidence level.

6.2 COMPARING AN OBSERVED MEAN (X) TO A REQUIREMENT ("a)

a. An observed mean is generated from a sample and is represent-
-Itire of P. This value of Y is then compared to a stated requirement (u0).
Ho,,ever, looking at the values of X and uo to decide whether P is greater than

u, or u is less than uo at a confidence level is insufficient. Since the
decision pertains to the population, statistical tests must be applied to K
to determine whether p is greater than u. or u is less than Mo.

b. There exist two possibilities for the relationship of Y to
V0" However, for each possibility there are two approaches; i.e., a may be
known or unknown; and the appropriate test must be chosen on that basis.
Following are the assumptions and the circumstances for each possible relation-
ship:

(1) 1 greater than 40

(a) The null hypothesis is U is greater than 0."

(b) The alternative hypothesis is there is no reason
to believe u is greater than P0.

(c) The use of this test is appropriate when Po is a

maximum value for U to satisfY. In the event that
U must not be greater than vo, this test would be

appropriate.
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(2) ! less than vo.

(a) The null hypothesis is u is less than uo.
(b) The alternative hypothesis is there is no reason

to believe P is less than Mo.
(c) The use of this test is appropriate when po is a

minimum value for M to satisfy. In the event that
i must meet or exceed jo, this test would be

-• appropriate.

6.2.1 i GREATER THAN un

6.2.1.1 Y GREATER THAN u. WITH 0 UNKNOWN

6.2.1.1.1 OBJECTIVE

To determine whether U is greater than uo at the desired con-
fidence level when the value of a is unknown.

6.2.1.1.2 DATA REQUIRED

A list of sample readings.

6.2.1.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute Y (see paragraph 6.1.1.3, page 26).

c. Compute s (see paragraph 7.1.1.3, page 64).

d. Use Table B-5, page 2-5, to obtain tl1- for N-1 d.f.

e. Compute e as follows:

(1) Multiply s by step d.
(2) Divide step (1) by the square root of N.

f. Subtract c from 1 to obtain the LCL which is the lower
bound for u at the desired confidence level. The confidence interval for
u is from the LCL to + - .

g. If uo is less than the LCL, decide that p is greater
than uo; otherwise, there is no reason to believe p is greater than Uo at the
desired confidence level.

6.2.1.1.4 EXAMPLE

Given:
uo - 85.0 min.
Sample data at Table A-2a, page 1-2.
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Procedure: Example:

* a. Choose the confidence a. a - .05
level (1-0). 1-a - .95

b. Compute Y. b. X - 86.417

c 86.4 1.n.
See paragraph 6.1.2.1.4 b,
page 28, for computations.

c. Compute 9. c. a - 2.173

- 2.2 min.
See paragraph 6.1i.2.1i.4 c, page
28, for computations.

d. Use Table B-5, page 2-5, d. t. 95 for 11 d.f. - 1.796
to obtain tj for N-i d.f.

e. Compute: e. c (1.796)(2.173)

£ -
3.903

jN• 3.464

s 1.127

f. Compute: f. LCL - 86.417 - 1.127

LCL -- - 85.290

- 85.2 min.

g. If go < LCL, decide that g. Since 85.0 < 85.2, decide
S> go; otherwise, there is that p > 85.0 miin. at a 95%
no reason to believe u > go confidence level.
at a 100(1-a)% confidence level.

6.2.1.1.5 ANALYSIS

If go < LCL, the null hypothesis that p > po is accepted;
otherwise, there is no reason to believe u > P, at a 100(l-a)% confidence
level wfhen a is unknown. The 100 (1-0)% confidence interval for M is from
the L•L to + - .
6.2.1.2 7 GREATER THAN tn WITH a KNOWN

6.2.1.2.1 OBJECTIVE

To determine whether u is greater than go at the desired
confidence level when a is known.

6.2.1.2.2 DATA REQUIRED

A list of sample readings and a, which is known from a standard
item, history, or Requirements Document.
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* 6.2.1.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute Y (see paragraph 6.1.1.3, page 26).

c. Use Table B-4, page 2-4, to obtain Z

d. Compute e as follows:

(1) Multiply a by step c.
(2) Divide step (1) by the square root of N.

e. Subtract e from X to obtain the LCL which is the lower
bound for u at the desired confidence level. The confidence interval for
P is from the LCL to +

f. If P0 is less than the LCL, decide that V is greater than
I o; othervise there is no reason to believe u is greater than Po at the
desired confidence level.

6.2.1.2.4 EXAMPLE

Given:
a- 1.4 min.
0o - 83.0 min.
Sample data at Table A-2a, page 1-2.

Procedure: Example:

a. Choose the confidence a. a - .10
level (1-a). 1-a - .90

b. Compute X. b. X7 - 86.417
- 86.4 min.

See paragraph 6.1.1.4, page 26,
for computations.

c. Use Table B-4, page 2-4, c. Z.90 - 1.282
to obtain Z 1-a.

d. Compute: d. c -(.282)(1.4)

z (a) JT-
I - 1u1.7948

1,fr 3.464

- .518
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e. Compute: e. LCL = 86.417 - .518
L- - -85.899

E 85.8 min.

f. If uo < LCL decide that f. Since 83.0 < 85.8 decide
u > po; otherwise, there is that p > 83.0 min. at a 90%
no reason to believe confidence level.

S> Po at a 100(1-a)%
confidence level.

6.2.1.2.5 ANALYSIS

If 4o 4 LCL, the null hypothesis that u > u. is accepted; otherwise,
there is no reason to believe U > p, at a 100(l--)% confidence level when a is
unknown. The 100 (1-a )% confidence interval for p is LCL to +

6.2.2 Y LESS THAN un.

6.2.2.1 • LESS THAN ', WITH a UNKNOWN

6.2.2.1.1 OBJECTIVE

To determine whether u is less than U. at the desired confidence
level when a is unknown.

6.2.2.1.2 DATA REOUIRED

A list of sample readings.

6.2.2.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute X (see paragraph 6.1.1.3, page 26).

c. Compute s (see paragraph 7.1.1.3, page 64).

d. Use Table B-5, page 2-5, to obtain tl, for N-1 d.f.

e. Compute e as follows:

(1) Multiply s by step d.
(2) Divide step (1) by the square root of N.

f. Add E to 7 to obtain the UCL which is the upper bound for
Sat the desired confidence level. The confidence interval for u is from
- to the UCL.

g. If vo is greatpe than the UCL, decide that p is less than ao;
otherwise; there is no reasor .o believe u is less than M. at the desired
confidence level.

-40-

L



t'P 3-1-005
10 June 1974
CANGE 1

e. Compute: e. UCL - 86.417 + .814

S7 
:E87.231UCL - + € -87.3 ,min.

f. If uo > UCL, decide that f. Since 88.0 > 87.3, decide
S< vo; otherwise, there is no that u < 88.0 min. at a 90%

reason to believe u < vo at a confidence level.
100(l-n)Z confidence level.

6.2.2.2.5 ANALYSIS

If uo > UCL, the null hypothesis that U < uo is accepted;
otherwise there is no reason to believe u<uo at a desired confidence level.
The 100 (1-a )% confidence interval for u is from - m to UCL.

6.2.3 DETERMINATION OF SAMPLE SIZE

6.2.3.1 OBJECTIVE

To determine the Nt required to determine whether V is equal to or
greater than Uo + c (or equal to or l.-ss than mo - c ) at the desired
confidence level when:

a. a is known.

b. a is unknown.

6.2.3.2 DATA REQUIRED

a. a, which is known from a standard item, history, or
Requirements Document.

b. An approximation of the value that a will assume.

6.2.3.3 PROCEDURE

a. Choose a and B, the probabilities of making Type I and
Type II errors respectively.

b. Choose the allowable amount of error.

c. Compute d2 , an intermediate value, as follows:

(1) Divide c by a.
(2) Square step (1).

d. Use Table B-4, page 2-4, to obtain Zl_., and Z1_6.

e. If a is known, cumpute Nt as follows:

(1) Add Z to Z
1-a 1-0

(2) Square step (1).
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(3) Divide step (2) by step c and ro~u~ d to the
ro~u~d o the ext

larger whole number.

f. If a is unknown, add 3 to step a for a A 01, 2 foc - .05,or 1 for a -. 10.

g. Conclude that Nt samples are required to determine whether
Sis equal to or greater than Po + e (or equal to or less than uo - €) at the

desired confidence level.

6.2.3.4 EXAMPLE

Given:
a - .12

Procedure: Example:

a. Choose a and . a. a - .01
1-a - .99
8 - .20
1-8 - .80

b. Choose c. b. c - .05

c. Compute: c. d2 . (.05/.12)2
- (.4167)2

d2 - (c/a) 2  - .1736

d. Use Table B-4, page 2-4, d. Z. 9 9 - 2.326
to obtain ZjI_ and Zf-8. Z.80 - .84

a. When a is known, compute: e. (2.326+.84)2
.1736

(Z + )2 -(3.166)2

Nt = .1736
10.024
.1736

= 57.74

- 58

W. When a is unknown and a value f. Since a - .01
is assumed, compute: (2.326+.84)2

(1) a .01 Nt " .1736G) (z _+zz-8) 2 - 61
Nt d z +3

(2) a .05•.(Z l~+ I_)

Nt d2 +2
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(3) n = .10

Nt" +

d 2

g. Conclude that Nt samples are g. Conclude that 58 samples,
required to determine whether for a known and equal to .12
iU ! 00 + E (or P o - £) at a (or 61 samples for a assumed
"100(1-a)% confidence level, equal to .12), must be tested

in order to determine whether
"u Po + .05 (or u t Po - .05)
at a 99% confidence level.
NOTE: If a is really less than

.12, Nt is more than
adequate.

6.2.3.5 ANALYSIS

If a is overestimated, the consequences are twofold: first,
Nt is overestimated; second, by employing a Nt that is larger than necessary,
the actual value of 0 will be somewhat less than intended at the same con-
fidence level, a consequence which is never undesirable. On the other hand
if a is underestimated, Nt is underestimated. Therefore, Nt must be re-
computed And additional items must be tested if possible. B will be larger
than intended, at the same confidence level. Thus, overestimating a is
safer than underestimating a.

6.3 COMPAING TWO OBSERVED MEANS

a. An observed mean is generated from a sample and is repre-

sentative of u. This value of X is then required to meet a standard item
X which is representative of the standard item's population. Looking at the
values of the means (XA and XE) to decide whether 1A is greater than UB or
"OA is less than uB at a confidence level is insufficient. Since the decision
pertains to the populations, statistical tests must be applied XA and XB
to determine whether UA is greater than UB or UA is less than up. The
statistical tests use the sample means as-estimates of the popula~tion means.

b. Type A generally represents the test item and Type B the
standard item when testing the hypothesis that PA Is greater than uB. However,
to prove that the average performance of the test item is less than that of
the standard item, Type A must represent the standard item so that the
hypothesis, UA is greater than uB, can be tested.

c. When the null hypothesis is UA is greater than OB, the
alternative hypothesis is there is no reason to believe that uA is greater
than tB"

d. There are four different procedures available to test the
null hypothesis. Following are the conditions which dictate the appropriate
test:
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(1) The variabilities of A and B are unknown but assumed
equal (CA B). This teat also applies when NA = NB
even though A $ aB (see paragrsph 6.3.1.1, page
46).

(2) The variabilities of A and B are unknown but assumed
unequal (CA # OB1 for unequal sample sizes (see para-
graph 6.3.1.2, page 49).

(3) The variabilities of A and B are known from previous
experience; thus, CA may or may not equal aB (see
paragraph 6.3.1.3, page 51).

(4) The observations are paired; i.e., individual Type
A and Type B items are tested alternately such that the
items in each pair are tested under the same condition.
Obviously, NA - NB (see paragraph 6.3.1.4, page 53).

NOTE: The procedure in subparagraph (1) is also valid for
paired observations since N - NB; however, the
procedure in subparagraph (i) is only valid for paired
observations.

6.3.1 XA GREATER THAN YB

6.3.1.1 CA AND aB UNKNOWN BUT ASSUMED EQUAL

6.3.1.1.1 OBJECTIVE

To determine whether uA is greater than uB at the desired con-
fidence level when the population standard deviations of A and B are unknown
but CA is assumed equal to aB"

6.3.1.1.2 DATA REQUIRED

A list of sample readings.

6.3.1.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute YA and YB (see paragraph 6.1.1.3, page 26).

c. Compute Ej and Z6 as follows:

(1) Compute the deviation from the mean for each reading
(-A - XA - XA and A - !B)

(2) Square each deviation (4A2 and AB2 ).

(3) Sum the squared deviations for each of the two items
(ZA and EL>.

d. Use Table B-5, page 2-5, to obtain tl_, for (NA+NB- 2 ) d.f.
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e. Use Table B-5, page 2-5, e. t. 9 5 for 22 d.f. - 1.717
to obtain tja for e.d.f.

f. Compute: f. c - (1.717) j9.35 + 16.55

- ti (1.717)

"- (1.717) (5.089)

- 8.738

g. Compute: g. LCL - 5401.40 - 8.74

LCL - XA - c - 5392.66

- 5392 meters

h. If XB < LCL, decide that h. Since 5378 4 5392, decide that
UA > UB; otherwise, there is PA Pu at a 95% confidence level.
no reason to believe

VA > uB at a 100(1-a)%
confidence level.

6.3.1.2.5 ANALYSIS

If X < LCL, the null hypothesis that 'A > uB is accepted;
othervise, there is no reason to believe MA > •B at a 100(l-a)% confidence
level when aA and aB are unknown and "A assumed equal to aB"

6.3. 31.3 AND aB KNOWN FROM PREVIOUS EXPERIENCE

6.3.1.3.1 OBJECTIVE

To determine whether UA is greater than UB when aA and 0B are
known from previous experience.

6.3.1.3.2 DATA REQUIRED

A list of sample readings and OA and aB, which are known from
previous testing.

6.3.1.3.3 PROCEDM E

a. Chf6de-th " desired confidence level.

b. Use Table B-4, page 2-4, to obtain Zj-,.

c. Compute XA and XB (see paragraph 6.1.1.3, page 26).

d. Compute e as follows:

(1) Square aA.

(2) Square 0B'

(3) Divide step (1) by NA.
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(4) Divide step (2) by NB.

(5) Add step (3) to step (4).
(6) Multiply step b by the square root of step (5).

a. Subtract e from XA to obtain the LCL.

f. If XB is lass than the LCL, decide that UA is greater than
"UB; otherwise, there is no reason to believe PA is greater than UB at the
desired confidence level.

6.3.1.3.4 EXAMPLE

Given:
Sample data at Table A-2b, page 1-3, and Table A-2c, page 1-4.

qA - 14.0 meters

aB - 12.0 meters

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-0). 1-u - .95

b. Use Table B-4, page 2-4, b. Z. 9 5 - 1.645
za obtain Zl-.

c. Compute: c. XA - 5401.40

XA - 5401 meters

"XB XB - 5372.25

- 5372 meters
See paragraph 6.3.1.1.4, pagu 47.

d. Compute: d.

a2  2
A 7B

Z... - W _- (1.645) ,,J[(14.0)2/201+((12.0)2/201
S A NB - (1.645) ,(196.0/20)+(144.0/20)

(1.645) 9.80 -+7.20

(1.645) /17.o
*(1-6145)(14.12)

6.78
e. Compute: e. LCL - 5401.40 - 6.78

* "A --5394.62

- 5394 meters
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f. If XB < LCL, decide that f. Since 5372 < 5394, decide that
UA > UB; otherwise, there is I'A > UB at a 95% confidence level.

no reason to believe WA > UB
at a 100(1--a)% confidence level.

6.3..13.5 ANALYSIS

if XB < LCL, the null hypothesis that uA > is accepted;
otherwise, there is no reason to believe A > UB at a 1;8 (1-)•% confidence
level vhen CA and aB are knovn from previous testing.

6.3.1.4 PAIRED OBSERVATIONS

6.3.1.4.1 OBJECTIVE

To determine whether UA is greater than UB when the observations
are paired (see subparagraph 6.3 d (4), page 46.

6.3.1.4.2 DATA REQUIRED

- A list of paired sample readings.

6.3.1.4.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute the difference between the reading for Type A and
the reading for Type B (xd - xA - xB) for each pair of observations.

c. Compute the mean of the differences (Xd), (see paragraph
6.1.1.3, page 26).

d. Compute the standard deviation of the differences (sd),
(see paragraph 7.1.1.3, page 64).

e. Use Table B-5, page 2-5, to obtain t,-, for N-1 d.f.

f. Compute e as follows:

(1) Divide step d by the square root of N.
(2) Multiply step e by step (1).

g. If Xd is greater than e, decide that UA is greater than UB;
otherwise, there is no reason to believe VA is greater than UB at the desired
confidence level.

6.3.1.4.4 EXAMPLE

Given:
Sample data at Table A-2e, page 1-6.
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Procedure: Example:

a. Choose the confidence a. a - .05
level (1-a). 1-a - .95
b. Compute xd for each pair b. (1) Xd - 146.o - 141.0
of readings. a 5.0

Xd " XA- xB (2) x- 111.5-143.5
a -2.0

See Table A-2e, page 1-6,

for complete list.
c. Compute Xd. c. -- -0.10

- -0.1 amp. hr.
See paragraph 6.1.1.4, page 26.

d. Compute sd- d. Sd - 2.81
- 2.8 amp. hr.1See paragraph 7.1.1.4, page 65.

e. Use Table B-5, page 2-5, e. t.9 5 for 9 d.f. - 1.833
to obtain tf_1 for N-1 d.f.

f. Compute: f. e - (1.833)(2.81)/ Ji
'd - 5.15/3.16

e S - 1.63r £t 1 • 1.6

g. If Xd > z, decide that g. Since -0.1 ý 1.6, decide that
* UA > VB; otherwise, there is there is no reason to believe

no reason to believe VA > VB 1A > PB at a 95% confidence level.

at a l00(1-a)Z confidence level.

6.3.1.4.5 ANALYSIS

If Xd > c, the null hypothesis that UA > UB is accepted;otherwise, there is no reason to believe UA > OB at a 100(1-a)% confidencelevel when the observations are paired.

6.3.1.5 DETERMINATION OF SAMPLE SIZE

6.3.1.5.1 OBJECTIVE
1

To determine the Nt required to determine whether uA is equal
to or greater than VB + E (or equal to or less than UB - e) at the desired
confidence level when:

a. Case I. The variabilities of A and B are unknown butassumed equal.

b. Case II. The variabilities of A and B are unknown but
assumed unequal.
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c. Case III. The variabilities of A and B are known from
previous experience.

d. Case IV. The observations are paired (see subparagraph
6.3 d (4), paMe 46).

6.3.1.5.2 DATA REQUIRED

a. Case 1. An approximation of the value that a (CA - aB) will
assume.

b. Case 1I. An approximation of the values that CA and OB will
assume.

c. Case III. The values of CA and oB which are known from
previous experience.

d. Case IV. An approximation of the population standard
deviation of the differences (ad I CA O B vhere OA and tB are approxi-
-rations) for the pairs concerned.

6.3.1.5.3 PROCEDURE

a. Case 1.

(1) Choose a and 8, the probabilities of making Type I
and Type II errors respectively.

(2) Choose the allowable amount of error.
(3) Compute d2, an intermediate value, as follows:

(a) Square a.
(b) Multiply step (a) by 2.
'c) Square E.

(d) Divide step (c) by step (b).

(4) Use Table B-4, page 2-4, to obtain Z1_a and Z1 _.
(5) Compute Nt (Nt - NA - NB) as follows:

(a) Add Zj.- to Z1 .-.
(b) Square step (a).
(c) Divide step (b) by step (3).
(d) If a - .01, add 2 to step (c) and round up; and

if a - .05, add I to step (c) and round up.

(6) Conclude that Nt samples of each item are required
to determine whether UA is equal to or greater than
UB + E (or equal to or less than UB - c) at the desired
confidence level.

b. Case II.

(1) Choose a and S, the probabilities of making Type I
and Type II errors respectively.
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(2) Choose the allowable amount of error.
(3) Compute d2 , an intermediate value, as follows:

(a) Square aA.
(b) Square aB.
(c) If NA - NB, add step (a) to step (b).
(d) If NA is a multiple of NB; i.e., NA - C(NB),

multiply step (b) by C and add the product to
step (a).

(e) Square c.
(f) Divide step (e) by the value from step (c)

if NA - NB or by the value from step (d) if
NA - C(NB).

(4) Use Table B-4, page 2-4, to obtain Zi..a and Z,_S.
(5) Compute Nt (Nt - NA - NB) as follows:

(a) Add ZI_, to Z •
(b) Square step (a).
(c) Divide step (b) by step (3) and round up.

(6) Conclude that Nt samples of each item are required
to determine whether UA is equal to or greater than UB
+ e (or equal to or less than UB - c) at the desired
confidence level.

c. Case III.

SSame as Case II.

d. Case IV.

Same as paragraph 6.2.3.3, page 43

NOTE: a in paragraph 6.2.3.3 represents Od"

6.3.1.5.4 EXAMPLE

a. Case I.

Given:
-2.6

Procedure: Example:

(1) Choose a and B. (j) a - .05
1-a - .95
8 = .20
1-6 - .80

(2) Choose e. (2) e - 1.05
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(3) Compute: (3) d2 - 1.052/2(2.6)2

d 2 . £2/202 - 1.1025/2(6.76)

- 1.1025/13.52

- .08155
(4) Use Table B-4, page 2-4 (4) Z. 9 5 - 1.645
to obtain ZI_• and Z1 _6. Z.80 - .84

(5) Compute:

(a) For . - .01,
(Z 1'0 + Zl-gL)2 +2

d2

(b) For a - .05, (5) Since a - .05,

(Zlk-( + Z 18)2 - (1.645 + .84)2Nt = ls +1 t-

.08155
d (2.485)2

.081556.175 + 1

.08155

- 75.72 + 1

- 76.72

- 77

(6) Conclude that Nt samples of (6) Conclude that 77 samples
each item are required to determine of each item, for a assumed and
whether VA 2 UB + e (or UA I - e) equal to 2.6, must be tested
at a 100(1-a)% confidence level, in order to determine whether

PA A PB + 1.05 (or VA A - 1.05)
at a 95% confidence level.

b. Case II.

Given
aA - 2.2

-B - 3.0

NA - NB
Procedure: Example:

(1) Choose a and 8. (1) a - .05

1-a - .95

8 - .20

1-8 - .80
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(2) Choose e. (2) e .75
(3) (a) If NA - NB, compute: (3) Since NA - NB is

assumed,d2,. E2 d2.5___d____•*752

a2 + C'2 (2.2)2+(3.072
A B

- .5625
4.84 + 9.0

•5625

13.84

-. 0406
(b) if NA a C(NB), compute:

C2
d2

(4) Use Table B-4, page 2-4, (4) Z. 9 5 - 1.645to obtain Z,_ and Zia. Z. 8 0 - .84

(5) Compute: (5) Nt - (1.645 + .84)2
(zl1a + Z,_6)2 .0406d2 

- (2.485)2

.0406
-6.175"

.0406

" 152.10

a 153
(6) Conclude that Nt samples of (6) Conclude that 153 sampleseach item are required to determine of each item,for a A assumed andwhether PA a UB + C (or PA 4 UB - E) equal to 2.2 and 0B assumed andat a lO0(1-a)Z confidence level, equal to 3.0, must be tested in

order to determine whether MA I
"uB + .75 (or UA A MB - .75)
at a 95% confidence level.

c. Case III.

Same as Case II.

d. Case IV.
Same as paragraph 6.2.3.4, page 44.

"-NOTE: a in paragraph 6.2.3.4 represents ad'
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(7 Compute: (7) e ( 3.42) O-64.4 ý16-
,q 1-...~ K (3.42) (40.60)/2.59

,... - 138.85/2.59
- 53.64

(8) If the absolute difference (8) (a) 2 and 3between any two sample means isgreater than e, decide that those Is 15011.20-5584.671 > 54?means differ; otherwise, there isno reason to believe the means 573 > 54differ at a lO0(1-a)% confidence Since 573 > 54, decide thatlevel. the means of Types 2 and 3 differ
at a 90% confidence level.

NOTE: Since the difference
between the smallest
and largest mean
produces a differencedecision, repeat step
(8) for the next
largest difference.

(b) 3and4 4

Is 15584.67-5147.s61 > 56'?

436.81 > 54?
437 > 54

Since 437 > 54, decide that
the means of Types 3 and 4 differ
at a 90Z confidence level.

(c) 1 and 3
Is 15222.29-5584.671 3 34?

362.38 > 54?
362 > 54

Since 362 > 54, decide thatthe means of Types 1 and 3 differ
at a 90% confidence level.

(d) 1 and 2

Is 15222-29-5011.20o( 54?

211.09 > 54?
211 > 54

Since 211 > 54, decide that
the means of Types 1 and 2 differ
at a 90% confidence level.
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(e) 2 and 4

Is 5011.20-5147.86 > 54?

136.66 > 54?
137 > 54

Since 137 > 54, decide that the
means of Types 2 and 4 differ at
a 90% confidence level.
(f) 1 and 4;
Is 15222.29-5147.861 > 549

74.43 > 54?
7T4 > 54

Since 74 > 54, decide that the
means of Types 1 and 4 differ
at a 90% confidence level.

6.3.2.5 ANALYSIS j

The population means of several products may be compared by com-
puting the absolute difference between any two sample means and comparing
this value to a"computed e. The decision is relative only to the two

• products compared. Therefore, this test only reveals the relationship bet- +

ween the means of two items at a desired confidence level and does not
necessarily reveal a difference between one mean and all of the remaining

Smeans.

* 7. STANDARD DEVIATION
* 7.1 ESTIMATE OF THE POPULATION STANDARD DEVIATION (s).

7.1.1 BEST SINGLE ESTIMATE of s.

7.1.1.1 OBJECTIVE

To determine the best point estimate of the population standard
deviation for a normal distribution.

7.1.1.2 DATA REQUIRED

A list of sample readings.

7.1.1.3 PROCEDURE

a. Compute Y (see paragraph 6.1.1.3, page 26).

b. Find the deviation of each reading from the mean by sub-
tracting the mean from each reading; i.e., A - x - X.

c. Square each deviation; i.e., A2 .
d. Sum the squared deviations; i.e., rA2 .

e. Compute s as follows:

(1:. Divide step d by N-1.
(2) Find the square root of step (1).
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7.1.1.4 EXAMPLE

Given:

Sample data at Table A-3a, page 1-9.

Procedure: Example:

a. Compute Y. a. X - 1094/10
- 109.40
- 109 min.

See paragraph 6.1.1.4, page 26.

b. Compute: b. (1) A - 100.00 - 109.40
- -9.40

A a X - X (2) A -125.00 - 109.40
- 15.60

See Table A-3a, page 1-9,
for complete list.

c. Square each A. c. (1) A2 - (-9.40)2
- 88.36

(2) A2 - (15.60)2
- 243.36

See Table A-3a, page 1-9,
for complete list.

d. Sum the A2. d. E42 - 810.4

e. Compute: e. 81.

- 9.49

- 9 min.

7.1.1.5 ANALYSIS

The standard deviation is a unit measure of dispersion around
the mean. In the case of the normal distribution, 68% of the area under
the curve is between X + s and X - s with u centered at X or, in terms
of the population, between u + o and u - a (see Figure 13).

7.1.2 CONFIDENCE INTERVAL ESTIMATES

7.1.2.1 TWO-SIDED INTERVAL

7.1.2.1.1 OBJECTIVE

To determine a two-sided confidence interval which is expected
to bracket a at the desired confidence level.

7.1.2.1.2 DATA REQUIRED

A list of sample readings.
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Figure 13

7.1.2.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute a (see paragraph 7.1.1.3, page 64).

c. Use Table B-9, page 2-35, to obtain B (upper bound) and
BL (lower bound) for N-I d.f.

d. Multiply s by Bu to obtain the UCL and multiply s by BL to
obtain the LCL.

e. Conclude that a is equal to or between the UCL and LCL at
the desired confidence level.

7.1.2.1.4 EXAMPLE

Given:

Sample data at Table A-3a, page 1-9.

Procedure: Example:

a. Choose the confidence level (1-c). a. a - .05
1-a - .95

b. Compute s. b. s - 9.49
- 9 min.

See paragraph 7.1.1.4, page 65.
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c Use Table B-9, page 2-35, c. For a - .05 and 9 d.f.,
*o obtain Bu and BL for m and BU - 1.746
,i-l d.f. BL - .6657

d. Compute: d. UCL - (1.746)(9.49)
CL )- 16.57

UC u .17 mn.

LCL - (BL) s LCL - (.6657)(9.49)
- 6.32
•6 min.

e. Conclude that a I UCL and e. Conclude that a 9 17 min.
a i LCL at a 100(1-a)% confi- and a 1 6 min. at a 95% confi-
dence level. dence level.

7.1.2.1.5 ANALYSIS

The two-sided interval surrounds a such that a S. UCL and a I LCL
at a l00(1-a)Z confidence level.

7.1.2.2 ONE-SIDED INTERVAL

7.1.2.2.1 OBJECTIVE

To determine a one-sided confidence interval such that a is equal
to or less than the UCL (or equal to or greater than the LCL) at the desired
confidence level.

7.1.2.2.2 DATA REQUIRED

A list of sample readings.

7.1.2.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute s (see paragraph 7.1.1.3, page 64).

c. Use Table B-10, page 2-37, to obtain Al.. (or Ac) for
N-1 d.f.

d. Multiply Al-, by s to obtain the UCL (or multiply A. by s
to obtain the LCL).

e. Conclude that a is equal to or less than the UCL (or equal
to or greater than the LCL) at the desired confidence level.

7.1.2.2.4 EXAMPLE

Given:

Sample data at Table A-3a, page 1-9.

Procedure: Example:

a. Choose the confidence level (1-a). a. a - .05
1--a - .95

b. Compute s. b. s - 9.49
- 9 min.

See paragraph 7.1.1.4, page 65.
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c. Use Table B-10, page 2-37, c. For 9 d.f.,
to obtain Al-a (or A.) for N-1 d.f. A. 9 5 - 1.645

(or A. 0 5 - .7293)

d. Compute: d. UCL - (1.645)(9.49)
UCL - AI-a 9 15.61

- 16 min.
or LCL - AM a (or LCL - (.7293)(9.49)

- 6.92
- 6 min.)

e. Conclude that a 4 UCL e. Conclude that a • 16 min.
(or a . LCL) at a 100(i-a)Z (or a 1 6 min.) at a 95%
confidence level, confidence level.

7.1.2.2.5 ANALYSIS

The one-sided interval surrounds a such that a c UCL (or
a LCL)at a 100(1-a)% confidence level.

7.1.3 SAMPLE SIZE .EOUIRED TO ESTIMATE THE POPULATION STANDARD DEVIATION

7.1.3.1 OBJECTIVE

To determine the Nt required in order to state that a lies
within a specified percentage of its true value at the desired confidence
level.

7.1.3.2 DATA REQUIRED

None.

7.1.3.3 PROCEDURE

a. Choose the desired confidence level.

b. Choose the allowable percentage of error.

c. Use Table B-4, page 2-4, to obtain Z1-0/2.

d. Compute Nt as follows:

(1) Square step c.
(2) Square step b.
(3) Multiply step (2) by 2.
(4) Divide step (1) by step (3) and round to the next

larger whole number.

e. Conclude that Nt samples are required in order to state
that a lies within an allowable percentage of error ot its true value
at the desired confidence level.

7.1.3.4 EXAMPLE

Procedure: Example:

a. Choose the confidence level (1-a). a. a * .05
1-0 = .95
i-M/2 - .975
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b. Choose the percentage of error. b. Percentage of error - .10

c. Use Table B-4, page 2-4, c. Z. 9 75 - 1.96
to obtain Z(1.96)2

* d. Compute: d. Nt 2(-1")2
* (z1 ,2)2 2 (.10)2

(__Z Ia/2 2 3.84
Nt - 2(percentage of error) 2  2(.01)

3.84
.02

- 192

e. Conclude that Nt samples are e. Conclude that 192 samples
required in order to state that are required in order to state
a lies within an allowable per- that a lies within 10% of its
centage of its true value at a true value at a 95% confidence
100(l-a)% confidence level, level.

7.1.3.5 ANALYSIS

Nt samples are required in order to state that a lies within
a certain percentage of its true value at a 100(l-u)% confidence level.

7.2 COMPARING AN OBSERVED STANDARD DEVIATION (s) TO A REOUIREMENT (0p)

a. An observed standard deviation is generated from a sample
and is representative of a. This value of s is then compared to a stated
requirement (oo). However, looking at tne values of s and ao to decide
whether a is greater than co or a is less than ao at a confidence level is
insufficient. Since the decision pertains to the population, statistical
tests must be applied to s to determine whether a is greater than ao or a
is less than jo.

b. There exist two possibilities for the relationship of
s to C.. Following are the assumptions and the circumstances for each
possible relationship:

(1) s greater than co.

(a) The null hypothesis is a is greater than co.
(b) The alternative hypothesis is there is no rcason

to believe a is greater than co.
(c) The use of this test is appropriate when co is a

maximum value for a to satisfy. In the event that
a must not be greater than ao, this test would be
appropriate.

(2) s less than ao.

(a) The null hypothesis is c is less than io.
(b) The alternative hypothesis is there is no reason

to believe that o is less than 7o.
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(c) The use of this test is appropriate when ao is a
minimum value for a to satisfy. In the event that
a must meet or exceed ao, this test would be
appropriate.

7.2.1 s GREATER THAN an.

7.2.1.1 OBJECTIVE

To determine whether a is greater than ao at the desired con-
fidence level.

7.2.1.2 DATA REQUIRED

A list of sample readings.

7.2.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-10, page 2-37, to obtain A8 for N-1 d.f.

c. Compute a (see paragraph 7.1.1.3, page 64).

d. Multiply step c by step b to obtain the LCL. The con-
fidence interval for a is from the LCL to + -.

e. If ao is less than the LCL, decide that a is greater than ao;
otherwise, there is no reason to believe a is greater than ao at the desired
confidence level.

7.2.1.4 EXAMPLE

Given:

0o - 7.0 min.
Sample data at Table A-3a, page 1-9.

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-a). 1-a - .95

b. Use Table B-10, page 2-37, b. For 9 d.f.
to obtain A for N-1 d.f. A. 0 5 - .7293

c. Compute s. c. s - 9.49
a 9 min.

See paragraph 7.1.1.4, page 65.

d. Compute: d. LCL = (.7293) (9.49)

LCL - Aa (s) 6.921
S6 min.

e. If ao < LCL, decide that a > ao, e. Since 7.0 1 6, decide
otherwise, there is no reason to that there is no reason to
believe a > ao at a 100(1-a)% con- believe a > 7.0 mnn. at a
fidence level. 95% confidence level.
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7.2.1.5 ANALYSIS

If ao < LCL, the null hypothesis that a > ao is accepted;
otherwise, there is no reason to believe a > oo at a 100(1--a)% confidence
level. The lO0(l-a)% confidence interval for a is from the LCL to + -.

" 7.2.2 s LESS THAN an

7.2.2.1 OBJECTIVE

To determine whether a is less than Oo at the desired confidence
level.

7.2.2.2 DATA REQUIRED

A list of sample readings.

7.2.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-10, page 2-37, to obtain A,_, for N-1 d.f.

c. Compute s (see paragraph 7.1.1.3, page 64).

d. Multiply step c by step b to obtain the UCL. The confi-
dence interval for a is from - * to the UCL.

e. If ao is greater than the UCL, decide that a is less than
co; otherwise, there is no reason to believe a is less than ao at the desired
confidence level.

7.2.2.4 EXAMPLE

Given:

ao - 12.0 min.
Sample data at Table A-3a, page 1-9.

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-a). 1-a - .95

b. Use Table B-10, page 2-37, b. For 9 d.f.,
to obtain AI_., for N-1 d.f. A. 9 5 - 1.645

c. Compute s. c. s a 9.49
= 9 min.

See paragraph 7.1.1.4, page 65.

d. Compute: d. UCL - (1.645) (9.49)

UCL - - 15.611
- 16 min.

e. If ao > UCL, decide that e. Since 12.0 A 16,decide
a < co; otherwise, there is that there is no reason to
no reason to believe a < co believe that a < 12.0 min.
at a 100(1-a)% confidence at a 95% confidence level.
level.
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7.2.2.5 ANALYSIS

If ao > UCL, the null hypothesis that a < ao is accepted;
otherwise, there is no reason to believe a < 0o at a 100(l-a)% confidence
level.

* 7.2.3 DETERMINATION OF SAMPLE SIZE

7.2.3.1 OBJECTIVE

To determine the Nt required to determine whether a is greater
* than y co (or less than y ao) at the desired confidence level.

7.2.3.2 DATA REQUIRED

None.

7.2.3.3 PROCEDURE

a. Choose a and 8, the probabilities of making Type I and Type II
errors respectively.

b. Estimate s based on experience or a comparabla item.

c. Divide a by co to obtain y, an intermediate value.

d. Use Table B-11, page 2-38, to obtain Nt which corresponds
to y and the chosen values of a and 8. If one of these values is not
contained in the table, continue with step e.

e. Use Table B-4, page 2-4, to obtain Zl_• and Zl_$.

f. Compute Nt as follows:

(1) Multiply ZIt by step c.
(2) Add step (1) to Zl..
(3) Divide step (2) by:

(a) y-1, if s is greater than 0o.

(b) 1-y, if a is less than 0o.

(4) Square step (3).
(5) Multiply step (4) by 1/2.
(6) .Add 1 to step (5) and round to the next larger whole

number.

g. Conclude that Nt samples are required to determine whether
a is greater than y a. (or is less than Y 00) at the desired confidence
level.

NOTE: When y > 1, then s is greater than ao; and the null
hypothesis is that a > * a.. When y < 1, then s is less
than ao and the null hypothesis is that a < y o"

7.2.3.4 EXAMPLE

Given:

ao- 7.3
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NOTE: When y > 1, then $A is greater than sB; and the null
hypothesis is that CA > Y CB*When y < 1, then sA is less
than SB; and the null hypothesis is that a < Y OB.

7.3.2.4 EXAMPLE

Procedure: Example:
a. Choose a and S. a. a - .05

1-a I .95
B - .20
1-0 - .80

b. Estimate 8A and sB8 b. sA - 6.0

SB - 4.8
c. Compute: a. 6.0

s BA,8  1 1.250

d. Use Thble B-12, page 2-41, d. Since y - 1.250 is not
to obtain Nt which corresponds contained in Table B-12, page 2-41,
to y and the chosen values of continue with step e.
a and S. If one of these
values is not contained in the
table, continue with step e.

e. Use Table B-4, page 2-4, a. Z.95 - 1.645
to obtain Z_... and ZI_6. Z.80 - .840

f. Compute: f.

Z +Z _ 2(1.645+840

\flu ***~ -(y in 1. 25/
-2+ +

X.2231
- 2 + (11.14) 2

-2 + 124.1

- 126.1

- 127

g. Conclude that Nt samples are g. Conclude that 127 samples
required to determine whether of each item must be tested
CA >YOB (or CA < Y ag) at a in order to determine whether
100(i-a)% confidence level. CA > 1.25 aB at a 95% confidence

level.

7.3.2.5 ANALYSIS

a. Initial Nt.
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At specified significant levels of a and 8, Nt samples are
required to determine whether OA > Y aB (or aA < Y aB). As y approaches 1,
a very large sample size is required.

b. Adequacy of Nt.

(1) 3A greater than sB.

After the initial Nt samples have been tested, 8A and

8B must be computed. Their ratio (SA/SB) must then be
computed and compared to the initial ratio determined
for the initial Nt. If the computed ratio is greater
than the initial ratio, the initial Nt is adequate;
however, if the computed ratio is less than the
initial ratio., the initial Nt is inadequate. If Nt
is inadequate, Nt must be recomputed using the computed
ratio in place of the initial ratio; and additional
samples mist be tested if possible.

(2) sA less than sB.

After the initial Nt samples have been tested, sA and
9B must be computed. Their ratio (SA/SB) must then be
computed and compared to the initial ratio determ.4ned
for the initial Nt. If the computed ratio is less than
the initial ratio, the initial Nt is adequate; however,
if the computed ratio is greater than the initial ratio,
the initial Mt is inadequate. If Nt is inadequate, Nt
must be recomputed using the computed ratio in place
of the initial ratio; and additional samples must be
tested if possible.

8. PROPORTION

For some kinds of tests there may be no way to obtain actual
measurements. An item may be subjected to a test when the result of that
particular test can be expressed only in terms of a pre-established classi-
fication of possible results. The simplest kind of classification, and
the one most widely used, consists of just two mutually exclusive cate-
gories; e.g., success and failure or perfect and defective. The ratio
generated, the number of items having the characteristic divided by N,
is known as a proportion (P) or a failure-attempt ratio. In all examples
P is computed relative to failures (f); however, other variables, such as
successes, may be substituted.

8.1 ESTIMATE OF THE POPULATION PROPORTION (P)

8.1.1 BEST SINGLE ESTIMATE of P

8.1.1.1 OBJECTIVE

"- To determine the best point estimate of the population
proportion (X).
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8.1I.1.l2 DATA REQUIRED

N and the number of elements possessing the given characteristic.

* :. 8.1.1.3 PROCEDURE

a. Divide the number of sample items which have the characce'istic
by the total number of items in the sample.

b. Conclude that P is the best estimate of the proportion of
population of items which will have the given characteristics.

8.1.1.4 EXAMPLE

Given:

N 10

f=4

Procedure: Example:

a. Compute: a. P - f/N

P - choracteristic/N - 4/10

- .4

b. Conclude that P is the best b. Conclude that .4 is the
estimate of the proportion of best estimate of X, the fraction
population items which will have of population items that will
the given characteristic, fail.

8.1.1.5 ANALYSIS

The best single estimate of A is the observed proportion of
"items having this characteristic in a random sample from the population;
i.e., the number of sample items which have the characteristic divided by
the total number of items in the sample.

8.1.2 CONFIDENCE INTERVAL ESTIMATES

8.1.2.1 TWO-SIDED INTERVAL FOR N ; 30

8.1.2.1.1 OBJECTIVE

To determine a two-sided confidence interval which is expected
to bracket A at the desired confidence level when N is equal to or less than
30.

8.1.2.1.2 DATA REQUIRED

N and the number of elements possessing the given characteristic.

8.1.2.1.3 PROCEDURE

a. Choose the desired confidence level.
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b. Use Table B-13, page 2-43, to obtain the UCL and LCL which
correspond to N and the number of elements possessing the given characteristic
at the dasized confidence level.

c. Conclude that A is equal to or between the UCL and LCL at the ---

desired confidence level.

8.1.2.1.4 EXAMPLE

Given:

N 1 10 (N 9 30)

f-4

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-a). 1-a - .95

. b. Use Table B-13, page 2-43, b. For N - 10, f - 4, and
to obtain the UCL and LCL which 1-0 - .95,
correspond to N and the number
of elements possessing the given UCL - .733
characteristic at a 100(1-aC)% CL 1
confidence level.

c. Conclude that A A UCL and c. Conclude that X _< .J33 and
X I LCL at a 100(1-a)Z confidence A Z .150 at a 95% confidence
level, level.

8.1.2.1.5 ANALYSIS

The two-sided interval surrounds A such that A 1 UCL and
A . LCL at a 100(1-a)% confidence level.

8.1.2.2 TWO-SIDED INTERVAL FOR N > 30

8.1.2.2.1 OBJECTIVE

To determine a two-sided confidence interval which is expected
to bracket A at the desired confidence level when N is greater than 30.

8.1.2.2.2 DATA REQUIRED

N and the number of elements possessing the given characteristic.

8.1.2.2.3 PROCEDURE

a. Choose the desired confidence level.

h. Use Table B-4, page 2-4, to obtain Zl1 ,/ 2.
,c. Compute P (see paragraph 8.1.1.3, page 79).

d. Compute the UCL and LCL as follows:

(1) Multiply P by the quantity (1-P).
(2) Divide step (1) by N.
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8.1.2.3.5 ANALYSIS

The one-sided interval surrounds X such chat X g UCL
(or X a LCL) at a 100(1-a)% confidence level.

"* 8.1.2.4 ONE-SIDED INTERVAL FOR N > 30

8.1.2.4.1 OBJECTIVE

To determine a one-sided confidence interval such that X is equal
to or less than the UCL (or equal to or greater than the LCL) at the desired
confidence level when N is greater than 30.

".7 8.1.2.4.2 DATA REQUIRED

N and the number of elements possessing the given characteristic.

8.1.2.4.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-4, page 2-4, to obtain ZI..

c. Compute P (see paragraph 8.1.1.3, page 79).

d. Compute the UCL (or LCL) as follows:

(1) Multiply P by the quantity (l-P).
(2) Divide step (1) by N.
(3) Find the square root of step (2).
(4) Multiply step b by step (3).
(5) Add step (4) to P to obtain the UCL (or subtract step

(4) from P to obtain the LCL).

e. Conclude that A is equal to or less than the UCL (or equal
to or greater than the LCL) at the desired confidence level.

8.1.2.4.4 EXAMPLE

Given:

N - 150 (N > 30)
f - 60

Procedure: Example:

a. Choose the confidence a. a - .10
level (1-a). 1-a - .90

b. Use Table B-4, page 2-4, b. Z.90 - 1.282
to obtain ZjI..

c. Compute: c. P - f/N

P - characteristic/N - 60/150

- .40
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d. Compute: UCL- 40+1.282 .4(1- .4) 51

N 150
UCL- 40+1.282 ,.4(.1

" .40+1.28210

ImJ

.40+1.282(.04)

S.40+.05

.45
(- Z ) (or LCL - .40 - .05

( .35)

e. Conclude that X 9 UCL (or e. Conclude that X-4 .45 (or

SLCL) at a 100(l-a)% confi- X , .35) at a 90% confidence
dence level, level.

8.1.2.4.5 ANALYSIS

The one-sided interval surrounds X such that X I UCL
(or X a LCL) at a 100(1-a)% confidence level.

8.1.3 SAMPLE SIZE REQUIRED TO ESTIMATE THE POPULATION PROPORTION

8.1.3.1 SAMPLE SIZE WITH A SPECIFIED LIMIT OF ERROR IN BOTH DIRECTIONS

8.1.3.1.1 OBJECTIVE

To determine the Nt required in order to state that X is equal
to or between P + e and P - e at the desired confidence level.

8.1.3.1.2 DATA REQUIRED

None.

8.1.3.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Choose the allowable amount of error.

c. Choose a value for P in the following manner:

(1) If no prior information is available and if X is
believed to be in the neighborhood of 0.5, use P 0.5.
The largest sample size will be required when P 0.5,
and the purpose of the rules is to be as conservative
as possible.
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(2) If A can safely be assumed to be less than o.5, let P
be the largest reasonable guess for X.

(3) If X can safely be assumed to be greater than 0.5, let
P be the smallest reasonable guess for A.

d. Use Table B-4, page 2-4, to obtain ZI_•/2.

e. Compute Nt as follows:

(1) Square step d.
(2) Multiply P by the quantity (1-P).
(3) Multiply step (1) by step (2).
(4) Square e.
(5) Divide step (3) by step (4).
(6) Round the result of step (5) up to the next whole number.

f. Conclude that Nt samples are required in order to state that
A is equal to or between P + e and P - c at the desired confidence level.

8.1.3.1.4 EXAMPLE

Procedure: Example:

a. Choosd the confidence a. a - .10
level (1-a). 1-a/z - .95

b. Choose e. b. e - .10

c. Choose P. c. P - 0.5

d. Use Table B-4, page 2-4, d. Z. 9 5 - 1.645
to obtain Z1_,/2.

e. Compute: e.

Ntn t/2 p(- (1.645)2(.5)(li-.5)Nt H2 t a

(.10)2

(2.706) (.5) (.5)

.01
(2.706)(.25)

.01
.6765

.01

- 67.65

a 68

f. Conclude that Nt samples are f. If 68 samples are tested
required in order to state that and P computed, conclude that
X • p + c and X A P - E at a X -. P + .10 and A 1 P - .10
i00(1--i)% confidence level, at a 90% confidence level.
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8.1.3.1.5 ANALYSIS

If Nt samples are tested and P is computed, conclude that X 4 P +
e and A a P - e at a 100(1-a)% confidence level.

8.1.3.2 SAMPLE SIZE WITH A SPECIFIED LIMIT OF ERROR IN ONLY ONE DIRECTION

8.1.3.2.1 OBJECTIVE

To determine the Nt required in order to state that X is equal
to or less than P + e (or equal to or greater than P - e) at ;he desired
confidence level.

8.1.3.2.2 DATA REQUIRED

None.

8.1.3.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Choose the allowable amount of error.

c. Choose the value of P in the following manner:

(1) If no prior information is available and if A is
believed to be in the neighborhood of 0.5, use P - 0.5.
The largest sample size will be required when P - 0.5,
and the purpose of the rules is to be as conservative
as possible.

(2) If A can safely be assumed to be less than 0.5, let
P be the largest reasonable guess for A.

(3) If A can safely be assumed to be greater than 0.5, let
P be the smallest reasonable guess for X.

d. Use Table B-4, page 2-4, to obtain Zl_,.

e. Compute Nt as follows:

(1) Square step d.
(2) Multiply P by the quantity (1-P).
(3) Multiply step (1) by step (2).
(4) Square e.
(5) Divide step (3) by step (4).
(6) Round the result of step (5) up to the next whole number.

f. Conclude that Nt samples are required in order to state that
A is equal to or less than P + e (or equal to or greater than P - e) at the
desired confidence level.

8.1.3.2.4 EXAMPLE

Procedure: Example:

a. Choose'the confidence level a. a - .10
1-a). 1-a - .90
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b. Choose e. b. e a .10

c. Choose P. c. P - 0.5

d. Use Table B-4, page 2-4, d. Z. 9 0 - 1.282
to obtain ZI-a.

e. Compute: a.

(Zjla)2(p)(l-p) (t I(.282)2 (0.5)(l-0.5)Nt - Nt ,,____
NC2 

(.10)2

(1.644)(0.5)(0.5)

.01

- (1.644)(.25)
.01

.4110

.01

- 41.10

- 42

f. ConcLude that Nt samples are f. If 42 samples are tested and P
required in order to state that computed, conclude that X S? + .10
A A P + e or ( 'a P -C)at a at a 90% confidence level.
100(1-a)% confidence level.

8.1.3.2.5 ANALYSIS

j If N. samples are tested and P is computed, X • P + c (or
X a P - c )at a 100(1-a)% confidence level.

8.2 COMPARING AN OBSERVED PROPORTION (P) TO A REQUIREMENT (A•)

a. An observed proportion is generated from a sample and is
representative of X. This value of P is then compared to a stated re-
quirement (Xo). However, looking at the values of P and Xo to decide whether
A is greater than X0 or A is less than X0 at a confidence level is insuffi-
cient. Since the decision pertains to the population, statistical tests must
be applied to P to determine whether X is greater than Xo or X is less than
XO.

b. There exist two possibilities for the relationship of
P to X0 . Following are the assumptions and the circumstances for each
possible relationship:

(1) P greater than A..

(a) The null hypothesis is X is greater than Ao.
(b) The alternative hypothesis is there is no reason

to believe A is greater than Ao.
(c) The use of this test is appropriate when X0 is a

maximum value for X to satisfy. In the event that
A must not be greater than X0 , this test would be
appropriate.
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(2) P is less than Xo.

(a) The null hypothesis is ,. is less than Ao.
(b) The alternative hypothesis is there is no reason

to believe A is less than X0.
(c) The use of this test is appropriate when Xo is a

minimum value for A to satisfy. In the event that
X must meet or exceed Ao, this test would be
appropriate.

8.2.1 P GREATER THAN Xn

8.2.1.1 SMALL SAMPLE SIZE

8.2.1.1.1 OBJECTIVE

To determine whether A is greater than A0 at the desired con-
fidence level when N is equal to or less than 30.

8.2.1.1.2 DATA REQUIRED

Success-failure data.

8.2.1.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-14, page 2-50, to obtain the LCL which corresponds
to N and the number of elements possessing the given characteristic at the
desired confidence level.

c. If A0 is less than the LCL, decide that A is greater than Ao;
otherwise, there is no reason to believe A is greater than A0 at the desired
confidence level.

8.2.1.1.4 EXAMPLE

Given:

N - 20 (N t 30)
f=3
Xo - .100

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-0). 1-a = .95

b. Use Table B-14, page 2-50, b. For 1-a - .95, N - 20, and
to obtain the LCL which corresponds N-f - 17, the tabled value is
to N and the number of elements .958. This must be subtracted
possessing the given from 1; hence,
characteristic at a 100(1-u)% LCL - 1 - .956
confidence "level. - .042
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c. If Xo < LCL, decide that X > .;; c. Since .100 € .042, decide
otherwise, there is no reason to *i that there is no reason to believe
believe X > X at a 100(1--a) . A > .100 at a 95% confidence level.
confidence level. ' ,

8.2.1.1.5 ANALYSIS k

"If Ao < LCL, the null h otiesis that X > X0 is accepted;
- otherwise, there is no reason to berieve X A Ao at a 100(1-a)Z confidence

level.

8.2.1.2 LARGE SAMPLE SIZE

8.2.1.2.1 OBJECTIVE

To determine whether -is greater than Xo at the desired con-
fidence level when N is greater than 30.

8.2.1.2.2 DATA REQUIRED

Success-failure data.

8.2.1.2.3 PROCEDURE

"a. Choose the desired confidence level.

' b. Compute Z as follows:

(1) Multiply A0 by N.
(2) Subtract step (1) from the number of items having the

given characteristic.
(3) Add .5 to step (2).
(4) Multiply the quantity (i-Xo) by step (1).
(5) Divide step (3) byl the square root of step (4).

c. Use Table B-4, page 2-4, to obtain Zl._, which is the UCL.

d. If Z is greater than the UCL, decide that A is greater than
Ao; otherwise, there is no reason to believe A is greater than A0 at the
desired confidence level.

8.2.1.2.4 EXAMPLE

Given:

N - 100 (N > 30)
f 7
A0 -. 06

Procedure: Example:

a. Choose the confidence a. a - .10
level (l-a). 1-a - .90
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b. Compute: b.
'• ~f-NA0o+. 5f-N_____ 7-100(.06)+.5SZ" Z=

NXJ(1-o) 4_l00. 06)(1-ý.06)
--7-6+.50

r_6ý (.94)

1.50

1.50
2.375

-. 633

c. Use Table B-4, page 2-4, c. Z. 9 0 W 1.282
to obtain Zla. UCL - 1.282

d. If Z > UCL. decide that d. Since .633 $ 1.282, decide
"A > Xo; otherwise, there is that there is no reason to believe

no reason to believe X > Xo A > .06 at a 90% confidence level.
at a 100(1-a)% confidence level.

8.2.1.2.5 ANALYSIS

If Z > UCL, the null hypothesis that A > X0 is accepted; other-
wise, there is no reason to believe A > X0 at a lO0.(l-a)% confidence level.

8.2.2 P LESS THAN Ag

8.2.2.1 SMALL SAMPLE SIZE

8.2.2.1.1 OBJECTIVE

To determine whether A is less than A0 at the desired confidence
level when N is equal to or less than 20.

8.2.2.1.2 DATA REQUIRED
Success-failure data.

8.2.2.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-14, page 2-50, to obtain the UCL which
corresponds to N and the number of elements possessing the given character-
istic at the desired confidence level.

c. If A0 is greater than the UCL, decide that A is less than
A0 ; otherwise, there is no reason to believe A is less than A0 at the desized
confidence level.

8.2.2.1.4-, EXAMPLE

Given:

N - 20 (N A 30)
f- 3
Ao - .200
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Procedure: Example:

a. Choose the confidence a. a - .05
level (1-0). 1-a - .95

b. Use Table B-14, page 2-50, b. For 1-a - .95, N - 20, and
to obtain the UCL which corres- f - 3,
ponds to N and the number of UCL - .344
elements possessing the given
characteristics at a 100(1-a)%
confidence level.

c. If AX > UCL, decide that c. Since .200 $ .344, decide
X < Xo; otherwise, there is that there is no reason to
no reason to believe A < Xo believe A < .200 at the 95%
at a 100(1-a)% confidence level, confidence level.

8.2.2.1.5 ANALYSIS

If 0o > UCL, the null hypothesis that A < X0 is accepted;
otherwise, there is no reason to believe A < Ao at a 100(l-a)% confidence
level.

8.2.2.2 LARGE SAMPLE SIZE

8.2.2.2.1 OBJECTIVE

To determine whether A is less than Ao at the desired confidence
level when N is greater than 30.

8.2.2.2.2 DATA REQUIRED

Success-failure data.

8.2.2.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Compute Z as follows:

(1) Multiply Ao by N.
(2) Subtract step (1) from the number of items having the

given characteristic.
(3) Subtract .5 from step (2).
(4) Multiply the quantity (1-Xo) by step (1).
(5) Divide step (3) by the square root of step (4).

c. Use Table B-4, page 2-4, to obtain Za, which is the LCL.

d. If Z is less than the LCL, decide that X is less than A0 ;
otherwise, there is no reason to believe A is less than Xo at the desired
confidence level.

8.2.2.2.4 EXAMPLE

Given:

N 1 100 (N > 30)
f-7
Aoo .08S-_91-
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S Procedure: Example:

a. Choose the confidence a. a , .10
level (1-0). 1-0 - .90

b. Compute: b.

f-NXO-.5 z - 7-100(.08)-.5

7-8-.5
•J (.92)

-1.5

-1.5
2.71

- -. 554

c. Use Table B-4, page 2-4, c. Z.10 - -1.282
to obtain ZQ. LCL - -1.282

LCL - Z

d. If Z < LCL, decide that d. Since -. 554 j -1.282, decide
A < A0 ; otherwise, there is that there is no reason to
no reason to believe A < Ao believe A < .08 at a 90%
at a 100(l-a)Z confidence level, confidence level.

8.2.2.2.5 ANALYSIS

If Z < LCL, the null hypothesis that A < Ao is accepted; other-
wise, there is no reason to believe A < A0 at a 100(1-a)% confidence level.

8. . 3 DETERMINATION OF SAMPLE SIZE

8.2.3.1 OBJECTIVE

To determine the Nt required to determine whether A is equal
to or greater than A0 + e (or equal to or less than x . ) at the desired
confidence level.

8.2.3.2 DATA REQUIRED

IAo which is known from a standard item, history, or Require-

ments Document.

8.2.3.3 PROCEDURE

a. Choose a and B, the probabilities of making Type I and Type II
errors regpectively.

b. Choose the allowable amount of error.

C. Estimtae the test item proportion by adding C to A0 (or
subtracting e from Ao).
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d. Use Table 1-15, page 2-54, to obtain 81, which corresponds

to Ao, and 80, which corresponds to A.

a. Compute d2 , an intermediate value, as follows:

(1) Subtract 80 from e 1 .
(2) Square Step (1).

f. Use Table B-4, page 2-4, to obtain Zl.. and ZI-8.

g. Compute Nt as follows:

(1) Add Zl_• to ZI-0.
(2) Square step (1).
(3) Divide step (2) by step e.
(4) Round step (3) to the next larger whole number.

h. Conclude that Nt samples are required to determine whether
A is equal to or greater than A0 + e (or equal to or less than X0 - c) at
the desired confidence level.

8.2.3.4 EXAMPLE

Given:
Ao = .41

Procedure: Example:

a. Choose a and S. a. a - .05
1-0 - .95
0 - .20
1-6 - .80

b. Choose e. c - .23
c. Estimate A as follows: c. x a .41 + .23

A * Xo + - .64
d. Use Table B-15, page 2-54, d. For X0 o .4l,
to obtain 61, which corresponds to Gi a 1.39
X0 , and e0 , which corresponds to A. For A • .64,

Oo = 1.85
e. Compute: e. d2 - (1.85-1.39)2

d2 - ( 0-e l )'2 - (.46)2

- .2116
f. Use Table B-4, page 2-4, f. Z. 9 5 a 1.645
to obtain Zl_a and ZI_.8 .

Z.0 .840
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g. Compute: g.
(Z,_aM+Z I-)2

Nt = Nt= (1.645+.840)2
d2 •.2116

(2.485)2
.2116

6.1752
.2116

- 29.18

- 30
h. Conclude that Nt samples are h. Conclude that 30 samplesrequired to determine whether for Xo known and equal to .41
X a X0 + c (or A e Ao - c) at a must be tested in order to
100(1-a)% confidence level, determine whether X a Xo + .23

at a 95% confidence level.

8.2.3.5 ANALYSIS

Nt samples are required to determine whether X i Ao + c (or
* X 4 Xo - c) at a 100(1--a)% confidence level.

S8.3 COMPARING TWO OBSERVED PROPORTIONS
a. An observed proportion is generated from a sample and isrepresentative of X. This value of P is then required to meet a standard

item P which is representative of the standard item's population. Looking
at the values of the proportions (PA and PB) to decide whether XA is
greater than XB or XA is less than XB at a confidence level is insufficient.
Since the decision pertains to the populations, statistical tests must be
applied to determine whether AA is greater than XB or XA is less than AB.
The statistical tests use the sample proportions as estimates of the
population proportions.

b. Type A generally represents the test item and Type B thestandard item when testing the hypothesis that XA is greater than XB. How-
ever, to prove that the average performance of the test item is less than
that of the standard item, Type A must represent the standard item so that
the hypothesis, AA is greater than XB, can be tested.

c. When the null hypothesis is XA is greater than XB, thealternative hypothesis is there is no reason to believe that XA is greater
than AB.

d. The use of this test is appropriate when XB is a maximum
value for XA to satisfy.

8.3.1 PA GREATER THAN PB

8.3.1.1 SMALL SAMPLE SIZE
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8.3.1.1.1 OBJECTIVE

To determine whether XA is greater than XB at the desired con-
fidence level when veither NA nor NB is greater than 20.

"8.3.1. 1.2 DATA REQUIRED

"Success-failure data.

8.3.1.1.3 PROCEDURE

a. Choose the desired confidence level.

b. Arrange the data as in Table A-4a, Part I, page 1-11.

c. Focus on the class of interest and compute the following
intermediate values:

(1) hA, the ratio of the class of interest to the sample
size for Type A; i.e., hA - TA/NA or hA - hA/NA.

(2) hB, the ratio of the class of interest to the sample
size for Type B; i.e., hB - IB/NB or hB - IIB/NB.

d. If hA is greater than hB, continue with step e; howev.•r,
if hA is 'ot greater than hB, decide that the data give no reason to believe
that XA is greatet than AB at the desired confidence level.

e. Arrange the data so that the results of the larger sample
are in the first row (see Table A-4a, Part II, page 1-11.

f. Compute the following intermediate values:

(1) hl, the ratio of class I to the sample size for the
item having the larger sample size; i.e., hl - I1 /NI.

(2) h2 , the rqtio of Class I to the sample size for the
item having the smaller sample size; i.e., h2 - 12 /N2 .

(3) gj, the ratio of class II to the sample size for the
item having the larger sample size, i.e., gj - III/N-."•

(4) g2 , the ratio of class II to the sample size for the
item having the smaller sample size; i.e., g2 - I12 /N2 .

g. Focus attention on that class (I or II) which produces a
proportion for the larger sample which is larger than or equal to the
respective proportion for the smaller sample. Depending on the class chosen,
let Il (or IIj) equal a,, an intermdeiate value, and 12 (or 112) equal a 2 ,
an intermediate value.

h. Use Table B-16, page 2-55, to obtain a tabled a 2 which
corresponds to the two sample sizes and a, at the desired confidence level.

i. If a 2 from step g is less than or equal to the table a 2 ,
decide that XA is greater than XB with regard to the class of interest;
otherwise, there is no reason to believe XA is greater than XB at the desired
confidence level.

8.3.1.1.4 EXAMPLE

Given:
Sample data at Table A-4a, Part I, page 1-11.

S-_95-



M 3-1-005
10 June 1974
CHANGE 1

Procedure: Example:

a. Choose the confidence a. a - .05
level (1-u). l-a - .95

b. Arrange the data. b. See Table A-4a, Part I,
page 1-11.

c. Focus on the class of c. Focus on class II.
interest and compute one
of the following: hA - 2/6

(1) Class I. - 333
hA - IA/NA - .3

hB - IB/NB hB - 2/10

(2) Class II - .200

hA- IIA/NA - .2

hB - IIB/NB

d. If hA > hB, continue with d. Since .3 > .2, continue
step e. If hA s hB, decide that the with step e.
data give no reason to believe that
AA is greater than XB with respect
to the class of interest at a
100(1-a)% confidence level.

e. Arrange the data so that e. See Table A-4a, Part II,
the results of the larger sample page 1-11.
are in the first row.
f. Compute: f. hl 8/10

hl - I]/Ni - .800

h2 - 12 /N2  - .8

gl - II1/N 1  h2 a 4/6

g2 - 11 2 /N2  - .667

- .7
gl 2/10

.200

.2

12 2/6

- .333

-. 3
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g. (1) If h1 a h2 , focus g. Since .8 > .7, fucus
attention on class I with attention on class I.

518

Sa2 1 2  a2 " 4

(2) If 91 4 82, focus
attention on class II with

S~a1 - I 11

a 2 - 112

h. Use Table B-16, page 2-55, h. For N1 - 10, N2 - 6,
to obtain a tabled a2 which a1  8, and a - .05,
corresponds to N1 , N2 , and &I the tabled a2 a 1.
at a 100(1-a)Z confidence
level.

NOTE: Since this is a
one-sided test, use
the a which is not
in parentheses.

.. If a2 4 the table value of i. Since 4 > 1, decide
a 2 from step h, decide that that there is no reason

AA > XB with respect to the to believe AA > XB
original class of interest; with respect to the number
otherwise, there is no reason of failures at a 95% confi-
to believe XA > AB with dance level.
respect to the original class
of interest at a 100(l--)Z
confidence level.

8.3.1.1.5 ANALYSIS

If a 2 A table value of a 2 , the null hypothesis that XA > AB is

accepted; otherwise, there is no reason to believe AA > AB at a lO0(l--a)%
confidence level. In the event that the confidence level desired is not
within the scope of Table B-16, page 2-55, the test for the large sample size
must be applied. The results will not be as accurate but will still be
useful. In the event that a, or a2 or both are missing for the given sample
sizes and confidence level in Table B-16, page 2-55, conclude that the
sample sizes are considered insufficient for accepting or rejecting the
null hypothesis.

8.3.1.2 LARGE SAMPLE SIZE

8.3.1.2.1 OBJECTIVE

To determine whether AA is greater than AB at the desired con-
fidence level when either NA or NB is greater than 20.

8.3.1.2.2 DATA REQUIRED

Success-failure data.
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8.3.1.2.3 PROCEDURE

a. Choose the desired confidence level.

b. Use Table B-7, page 2-12, to obtain for 1 d.f.

c. Add NA to NB to obtain TN, an intermediate value. .4

d. Compute AB, an intermediate value, as follows:

(1) Multiply IA by IIB.
(2) Multiply IB by IIA.
(3) Subtract step (2) from step (1) and take the absolute

value of the difference (disregard the sign).

e. Compute J, an intermediate value, as follows:

(1) Add IA to IB to obtain TI, an intermediate value.
(2) Add IIA to IIB to obtain TIT , an intermediate value.
(3) Multiply NA, NB, TI, and TII together.

f. Compute X2 as follows:

(1) Divide step c by 2.
(2) Subtract step (1) from step d.(3) Square step (2).
(4) Multiply step (3) by step c.

(5) Divide step (4) by step e.

g. Focus on the class of interest and compute the following
intermediate values:

(1) hA, the ratio of the class of interest to the sample
size for Type A; i.e., hA - IA/NA or hA a IIA/NA.

(2) hB, the ratio of the class of interest to the sample
size for Type B; i.e., hB - IB/NB or hB - IIB/NB.

h. If X2 is greater than or equal to X for 1 d.f. and hA is
larger than hB , decide that XA is greater than XB with regard to the class
of interest; otherwise, there is no reason to believe AA is greater than AB
at the desired confidence level.

8.3.1.2.4 EXAMPLE

Given:

Sample data at Table A-4b, page 1-11.

Procedure: Example:

a. Choose the confidence a. a - .10
level (1-a). 1-a - .90

b. Use Table B-7, page 2-12, b. X2 .20 for 1 d.f. - 1.64
to obtain X2 for 1 d.f.2cg
c. Compute: c. TN - 216 + 216

TN - NA+NB - 432
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~d. Compute: d.
d. CoBAute: I 

I (181) (56)-,(160) (35)1
1 AO 10,136 - 5,600
B 4,536

e. Compute:
J - (NA) (T1 ) (T)11  (NB) e. J - (216)(341)(91)(216)

- (73,656)(91)(216)

f. Com'ute: - 1,447,782,336

x2 TN(AB- T1/2)2 . x2 432(4536-216)2
J 1,447,782,336

432(4,320)2
1,407,782,336

432(18,662,400)
1,447,782,336

8,062,156,800
ll1,447,782,336

" 5.5686
- 5.57

NOTE: The formula for X2
has been broken down
for simplicity and
the complete formula is

(NA+NB) ( IIAIIB-IBIIAIi A
(NA) (IA+IB) (IIA+IIB)(NB)

g. Focus on the class of interest and g. Focus on class I.
compute one of the following: hA 181/216

(1) Class I - .83796

hA - IA/NA - .838

hB - IB/NB hB - 160/216
(2) Class II a .74074

hA - IIA/NA - .741

hB - IIB/NB

h. If x2 >_ X2  for 1 d.f. and h. Since 5.57 1 1.64 and
2a .838 > .741, decide that the

hA > hB, decide that AA > XB proportion of hits fo- ýA > XB

with regard to the class of at a 90% confidence level.
interest; otherw•ise, there is
no reason to believe AA > X

at a l00(l-a)% confidjnce level.

p -99-

__________________________________________________



4 ~MTP 3-1-005
. 1 March 1972

8.3.1.2.5 ANALYSIS

If X2 1 X2 for 1 d.f. and hA > hB, the null hypothesis that
XA > XB is accepted; otherwise, there is no reason to believe XA > XB at a
100(1-a)% confidence level. The sample size for PA or PB must exceed 20. If
the confidence level desired is unavailable for PA and PB less than 20, the
chi-square test will be used to test XA > XB.

8.3.2 DETERMINATION OF SAMPLE SIZE

8.3.2.1 OBJECTIVE

To determine the Nt (Nt"NA=NB) required to determine whether XA.
is equal to or greater than XB + e (or equal to or less than XB - c) at the
desired confidence level.

8.3.2.2 DATA REQUIRED

None.

8.3.2.3 PROCEDURE

a. Choose a and B, the probabilities of making Type I and Type II
errors respectively.

b. Choose the allowable amount of error.

c. Estimate one of the proportions, either PA or PB.
Make this estimate as close to 0.5 as is reasonable.

d. Compute the other proportion as follows:

(1) If PA is estimated, subtract step b from PA to obtain PB.
(2) If PB is estimated, add step b to PB to obtain PA.

e. Use Table B-15, page 2-54, to obtain 8 A, which corresponds
to PA, and eB, which corresponds to PB.

f. Compute d2, an intermediate value, as follows:

(1) Subtract eB from 8 A.
(2) Square step (1).

g. Use Table B-4, page 2-4, to obtain Z l-. and. ZI8.
h. Compute n, an intermediate value, as follows:

(1) Add Zj_., to Z1_8.
(2) Square step (1).
(3) Divide step (2) by step f.
(4) Round step (3) up to the next whole number.

i. Multiply step h by 2 to obtain Nt.

J. Conclude that Nt samples are required to determine whether
XA is equal to or greater than XB + e (or equal to or less than XB e e) at
the desired confidence level.
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"." (c) Compute the mean of the heights (M M.

(d) Compute the mean time.

(3) List the MPI as the mean easting and mean northing (EAST,
14RTH and the PUB as the mean easting, mean northing,
and mean height ( , NORT•, HTG).

(4) Compute the miss distance (m) for the MPI as follows:

(a) Subtract the V from the AP easting (EASTAl)
(b) Square step (a).

(c) Subtract the V= from the AP northing (NORTHAP).
(d) Square step (c).
(e) Add step (b) to step (d) and find the square root.

(5) Compute m and the miss time for the M as follows:

(a) Subtract the EAST from the EASTAP.
(b) Square step (a).
(c) Subtract the NORTH from the NORTH,,-
(d) Square step (c).
(e) Subtract the*HEIGHT from the AP height (HEIGHT ).
(f) Square step (e). i

(g) Add step (b) to step (d). 4
(h) Add step (g) to step (f) and find the square root

to obtain the a.
Wi) Subtract the set time from the mean time to obtain

the miss time.

b. Case II: Missile systems (limited sample).

(1) Plot each point of impact or point of burst relative
to its AP and determine the distance over or short and
the dista.ce right or left.

(2) Compute the mean AP using all of the AP coordinates in
a given range band.

(3) Plot the points of impact or points of burst relative
to the mean AP, using the distances from step (1).

(4) Compute the XPI or TO-Band mean time for the pointa
relative to the mean AP.

(5) Compute m for MI the same as for a cannon.
(6) Compute m and the miss time for the PO- the same as for

a cannon.

9.1.4 EXAMPLE

a. Case I: Cannon.

Given:
AP: (2784,3501)

Sample data at Table A-la, page 1-1.

Procedure: Example:

(1) Compute the following for (1) (a) - 2565.67
the MPI: - 2566

(a) ET

-103-



'TP 3-1-005
10 June 1974
CHANGE 1 j

(b) U (b) NOTH - 3256.47 1
- 3256

(2) Compute the following for (2)
the Mr!:

(a) EY I
(c) MGM

(d) Mean time

(3) List the following: (3) MPI: (2566,3256)
(a) lei: (• ~ ~ )

(b) MGM()1,•-Y•

(4) For the MPI, compute: (4)

a - (EABT~p-A-T) 2 ÷(NORTH~p-NOh-- ) 2  M (2784-2565.67)2+(3501-3256"47)2

218. / 1.33)2+( 244.53)2

/47668+59795

; ,463 :2

- 327.82
"= 328

(5) For the 1M-, compute: (5)

(a) m ;,/(EASTA'rF ý+(NORTA--NO-RTH) 2 +(HEIGHTA -MTY)2

(b) miss time - mean time - set time.

b. --'e 11. Missile systems (limited sample).

Sample data at Table A-5a, page 1-12.

Procedure: Example:

(1) Plot each point relative (1) (a) (2350,3100)
to its A?. (b) (1649,2031)

See Table A-5a, page 1-12
for complete list.

(2) Compute the mean AP. (2) EASTAP - 21548/10
- 2155
-- 22091/10
- 2209

(3) Plot each point relative (3) (a) (2005,2304)
to the mean AP (b) (2267, 2415)

See Table A-5a, page 1-12,
for complete list.

-104-
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(4) Compute: (4) MPI: (2148,2274)

(a) MPI. M 21482/10

(b) ROT and mean time. - 2148.20

- 2148

NORM 0 - 2274j/10

a 2274.30
-2274

(5) Compute for the NPI: (5)

M -MTA-MT1(, OT ( ~'ORT-oIr)-m 2+ m
m -.. (2154.80-2148.20)2+(2209.10-2274.30) •

*,$(.0)+(65.20)2

= 65.53

- 66

(6) For the TOT, compute: (6)
(a) -

(a)m -_I EAT~-EAT)2+ (MM Hp..NR'TH ) 4 (IGHT,~p-iIGHT )
(b) miss time - mean time - set time

9.1.5 ANALYSIS
a. The miss distance is the distance that the MPI or the

POB missed the AP and describes the accuracy of the test item. The smaller
the miss distance, the better the accuracy of the test item. The miss
distance must be compared to the stated requirement to determine whether the
requirement was met.

b. Due to 3anpling techniques used for missiles, an average
AP must be determined within a range band. The miss distance is the distance
that the HPI or O-B (relative to the average AP) missed the average AP. The
miss distance must be compared to the stated requirement to determine whether
the requirement was met. Unless the sample size is at least six, conclusions
for accuracy cannot be drawn with any reasonable level of confidence.

9.2 PRECISION

9.2.1 PROBABLE ERROR COMPUTATION

9.2.1.1 STANDARD DEVIATION METHOD
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9.2.1.1.1 OBJECTIVE

To obtain the system PE and each subsystem PE using the standard
deviation method.

9.2.1.1.2 DATA REQUIRED

A list of sample readings.

9.2.1.1.3 PROCEDURE

a. Compute s, (see paragraph 7.1.1.3, page 64).

b. Multiply step a by .6745 to obtain PE.

9.2.1.1.4 EXAMPLE

Given:

Sample data at Table A-5b, page 1-13.

Procedure: Example:

a. Compute: a.

N-1 16-1

J38,650.00

=.ý.J2,576"67

- 50.76

= 51
See paragraph 7.1.1.4, page 65,
for computations.

b. PE - 0.6745(s). b. PE - 0.6745(50.76)

- 34.24

a 34

9.2.1.1.5 ANALYSIS

The PE is a measure of deviation from u such that 50% of the
observations may be expected to lie between u - PE and u + PE. This method
is the best estimate of the population PE(T) unless a trend exists which
can be attributed to a non-system condition, such as weather, in which case
use of the. successive differences method is the best approach. A test
comparing the two methods of computing PE can be made to determine whether
a trend did exist but was not evident (see paragraph 9.2.1.3, page 108,
for details).
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"9.2.1.2 SUCCESSIVE DIFFERENCES METHOD

9.2.1.2.1 OBJECTIVE

To determine the system PE and each subsystem PE using the
successive differences method when there is a suspected trend.

9.2.1.2.2 DATA REQUIRED

A list of sample readings.

9.2.1.2.3 PROCEDURE

a. Compute the differences (xd xi - xi+l) between consecutive
readings.

b. Square each difference.

c. Sum the squares.

d. Compute s6 as follows:

* (1) Divide step c by the quantity (N-i).
(2) Divide step (1) by the quantity 2.
(3) Find the square root of step (2).

a. Multiply step d by .6745 to obtain the PE.

9.2.1.2.4 EXAMPLE

Given:

Sample data at Table A-5c, page 1-14 (same as data at
Table A-5b, page 1-13).

Procedure: Example:

a. Compute the differences a. (1) Difference between
between consecutive readings: 1 and 2:

x X - xi+1 xd = 1248-1100

- 148

(2) Difference between
2 and 3:

xd - 1100-1260

- -160

See Table A-5c, page 1-14,
for complete list.
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b. Square each xd. b. (1) x• - (148)2

- 21,904

(2) xd- (-160)2

- 25,600

See Table A-5c, page 1-14,
for complete list.

c. Sum the x. d.

d. Compute: d * = [(85,020)

2(N--1

30

- A2,834

a 53.23
a 53

e. Compute: e. PE .6745(53.23)-

PE - .6745(s6) 35.90

36

9.2.1.2.5 ANALYSIS:

The PE is a measure of deviation from such that 50% of the
observations may be expected to lie between u-PE and u+PE. If a trend
which can be attributed to a nor-system condition, such as weather, is
suspected then this method will yield the best estimate of T. A test
comparing the two methods of computing PE can be made to determine
whether a trend existed but was not evident (see paragraph 9.2.1.3, for
details).
9.2.1.3 TREND ANALYSIS

9.2.1.3.1 OBJECTIVE

To determine whether a trend exists and whether the standard
deviation method or the successive differences method yields the best
estimate of T.

9.2.1.3.2 DATA REQUIRED

s2 and s2

9.2.1.3.3 PROCEDURE

a. Choose the desired confidence level.

"b. Divide s2 by s2.

c. Use Table B-23, page 2-133, to obtain the critical number
(CN) for N samples at the desired confidence level.
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9.2.2 COMPARING PROBABLE ERRORS (PE's)

As stated in paragraph 4.5.4, page 7, the PE is a measure of
deviation from U such that 50% of the observations may be expected to lie
between u - PE and u + PE. Since the PE is a function of the standard
deviation (PE - .6745s 5 or PE .6745 a), the same tests used for the com-
parison of standard deviations will be used to compare PE's for a
significant difference.

9.2.2.1 COMPARING AN OBSERVED PE TO A REQUIREMENT

a. An observed PE is generated from a sample and is repre-
sentative of T. This value of PE is then compared to a stated requirement
(To). However, looking at the values of PE and the requirement to decide
whether T is greater than To or T is less than To at a confidence level
is insufficient. Since the decision pertains to the population, statistical
tests must be applied to PE to determine whether T is greater than ro or T
is less thfin To.

b. There exist two possibilities for the relationship of PE
to To. Following are the assumptions and the circumstances for each
possible relationship:

(1) PE greater than ro.

(a) The null hypothesis is T is greater than To.
(b) The alternative hypothesis is there is no reason

to believe T is greater than To.
(c) The use of this test is appropriate when To

is a maximum value for T to satisfy. In the
event that T must not be greater than To, this
test would be appropriate.

(2) PE less than To.

(a) The null hypothesis is T is less than To.
(b) The alternative hypothesis is there is no reason

to believe that T is less than To.

(c) The use of this test is appropriate when To is
a minimum value for T to satisfy. In the event
that T must meet or exceed To, this test would
be appropriate.

c. In order to test the above hypotheses when given the values
of PE and To, s and 00 must be computed; and the appropriate test as des-
cribed in paragraphs 7.2.1 through 7.2. 2, page 70 through 71 must be performed.
The values of s and Co are determined by multiplying PE and To each by
1.4826. Since the PE is a multiple of s, the conclusions drawn concerning
standard deviations will also hold true for probable errors; e.g., if the
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null hypothesis that a is less than ao is accepted at a 100(1-a)% confidence
* level, then the null hypothesis that T is less than To can also be accepted ,j•.
* at the same confidence level.

/ 9.2.2.2 COMPARING TWO OBSERVED PE's

a. An observed probable error is generated from a sample and
is representative of T. This value of PE is then required to meet a

* standard item PE which is representative of the standard items population.
* Looking at the values of the probable errors (PEA and-PEB) to decide whether

TA is greater than Tu or TA is less than T B at a confidence level is
insufficient. Since the decision pertains to the populations, statistical
tests must be applied to ?A and PB to determine whether T A is greater than
TB or TA is less than TB% The statistical tests use the sample PE's as

estimates of the population PE's.
b. Type A generally represents the test item and Type B, the

standard item when testing the hypothesis that TA is greater than TB. However,
to prove that the PE of the test item ia-less than that of the standard
item, Type A must represent the standard item so that the hypothesis, TA is
greater than TB, can be tested.

c. When the null hypothesis is TA is greater than TB, the
alternative hypothesis is there is no reason to believe that TA is greater
than TB.

d. This test is appropriate when TB is a maximum value for
TA to satisfy.

e. In order to test the above hypothesis when given the values
of PEA and PEB, sA and sa must be computed; and the appropriate test as
descrbed in paragraph 7:3.1, page 74, must be performed.
The values ot SA and sB are determined by multiplying PEA and PEB each by
1.4826. Since the PE is a multiple of s, conclusions drawn concerning
standard deviations will also hold true for probable errors; e.g., if the
null hypothesis that aA is greater than aB is accepted at a 100(1-a)%
confidence level then the null hypothesis that TA is greater than TB can
also be accepted at the same confidence level.

9.2.2.3 DETERMINATION OF SAMPLE SIZE

a. The determination of Nt is necessary to assure that there
is a sufficient sample upon which to base a decision to accept or reject
a null hypothesis at a specified confidence level.

b. The values of s and ao are determined by multiplying the PE
and To each by 1.4826. Nt is determined by following the appropriate
procedure as described in paragraph 7.2.3, page 72.

c. The values of SA and sB are determined by multiplying
PEA and PEB each by 1.4826. Nt is determined by following the appropriate
procedure as described in paragraph 7.3.2, page 76.
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9.2.3 CIRCULAR PROBABLE ERRCR

9.2.3.1 COMPUTATION

"9.2.3.1.1 OBJECTIVE

To determine the radius of a circle such that 50% of the
"population lie within the circle.

9.2.3.1.2 DATE REQUIRED /

List of sample eastingi; and corresponding northings.

9.2.3.1.3 PROCEDURE

a. Compute s for the e-;.'ngs (sE), (see paragraph 7.1.1.3,
page 64).

b. Compute s for the northings (sN), (see paragraph 7.1.1.3,
page 64).

c. Compute the CPE as dollows:
(1) If *E equals 9N, multiply sE by 1.1774 to obtain the

CPE.
(2) If sE is not equal to 3N, compute the equivalent CPE

as. follows:

(a) Add sE to 8N.
(b) Multiply step (1) by .5887.

9.2.3.1.4 EXAMPLE

Given:

Sample data at Table A-Se, page 1-17.

Procedure: Example:
- 1650,542

a. Compute sE: a. sE 15-1

E Z(East-AS) 2  -J~~2isE N-1 _,Jl,650,542/14

=•11,895.9

- 343.36

- 343

b. Compute SN: b. , /3,389,046

s (North-NO--RTH) 2  15-1
N-I d 3,389,046

N-1l 
1

S/ 242,074.7

* 492.01
-492
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c. Compute one of the following: c. Since 343.36 s 492.01,
Equivalent CPE

(1) 7f BE - sN compute: .5887 (343.36+492.01)
CPE - 1.1774 E- .5887 (835.37)

-491.78
(2) If SE 8 s compute 491

Equivalent CPE .3887 (sE+s) 492

9.2.3.1.5 ANALYSIS

The CPE is the radius of a circle within which 1/2 or 50% of
the population lies. The following is a list of multiples of the CPE and the
percentages of the population which lie within the respective circles for
a circular normal distribution:

a. 2(CPE) contains 93.75% of the population.
b. 3(CPZ) contains 99.81% of the population. -_

c. 3.5(CPE) contains 99.99% of the population.

9.2.3.2 OUTLIERS

9.2.3.2.1 OBJECTIVE

To identify an outliers which may be present.

9.2.3.2.2 DATA REQUIRED

A list of sample eastings and corresponding northings.

9.2.3.2.3 PROCEDURE

a. Compute the CPE for all of the readings.

b. Compute the distance from the mean (dm) for each set of
coordinates using data from step a as follows:

dm/(_~ )2 (om..O ,) ~ E2,&N2

c. Isolate each suspected outlier beginning with the largest
distance from the mean.

d. Recompute the CPE, with the suspected outlier deleted,
as follows:

(1) Compute BE (and s.) as follows:
(a) Compute the mean of the remaining eastings (northings).
(b) Compute the deviation of each remaining reading

from the mean.
(c) Square each deviation.
(d) Sum the squared deviations.
(e) Since N, is the sample size with the suspected

outlier deleted, divide step (d) by the quantity
(N1-l).

(f) Find the square root of step (e).

(2) Add SE to siv.

-14 6-
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Therefore, a confidence level of 95% indicates that if 100 groups, each
containing 46 samples, were tested then on the average five of these groups
would have more than one failure and 95 of these groups would have one or
zero failures.

"b. That high requirements place limitations on acceptability
is intuitively evident. Stringent limitations require sufficient sampling
to provide an objective view of the test item. However, in the interest
of economy, testing must be accomplished with a minimum number of samples.
This may be accomplished by decreasing the desired reliability (confidence
level) while holding the confidence level (desired reliability) fixed.
Therefore, serious consideration must be given to sample size, the related
R, and the desired'confidence level.

10.1 SUCCESS-FAILURE

10.1.1 DETERMINATION OF RELIABILITY

10.1.1.1 OBJECTIVE

To determine the population reliability (p) of the test item
at the des-ired confidence level. The required reliability (po) and the
confidence level are usually directed by a higher authority or a Require-
ments Document.

10.1.1.2 DATA REQUIRED

The number of failures (f) and N for a success-failure type test.

10.1.1.3 PROCEDURE

a. Case I:

(1) Use Table B-18, page 2-74, to obtain the intersection
of the "Reliability" row and the "Confidence Level"
column for the number of failures whicb occurred (see
page 2-125 for 75% confidence level).

(2) If N is equal to or larger than the intersection value,
decide that p is equal to or greater than po (testing
may cease); otherwise, there is no reason to believe
P is equal to or greater than Po at the desired con-
fidence level (testing may cease with a reject decision
or testing must continue with a decision being made at
a later date).

b. Case II: Reliability confidence limits.

(1) Compute the two-sided UCL and LCL as follows:

(a) Choose the desired confidence level.
(b) Perform the following calculations to obtain the

UCL:

1[ . Compute d.f. 1 as follows:

a. Multiply the number of succes., (sc) by 2.
b. Add 2 to step a.
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2. Compute d.f. 2 as follows:
.Multiply sc by 2.a. Multiply N by 2.

_. Subtract step A from step _.

3. Use Table B-8, page 2-18, to obtain
Fl'-a/l for (d.f. 1 , d.f. 2 ) d.f.

A. Compute the following:

a. Add 1 to sc.

.Subtract sc from N..S. Divide step A by step b.
SMultiply step A by step 3.

e. Add 1 to step d.
. Divide 1 by step e.
j. Subtract step f from 1.

(c) Perform the following calculations to obtain the
LCL:

1. Compute d.f. 1 as follows:

a. Multiply f by 2.
b. Add 2 to step a.

2. Compute d.f. 2 as follows:

A. Multiply f by 2.
b. Multiply N by 2.
7. Subtract step a from step b.

3. Use Table B-8, page 2-18, to obtain
F1 -.. / 2 for (d.f. 1 , d.f. 2 ) d.f.

A. Compute the following:

a. Add 1 to f.
b. Subtract f from N.
c. Divide step a by step IL.
d. Multiply step . by step 3.

. Add 1 to step d.
.. Divide 1 by step e.

(d) Conclude that p is equal to or between the UCL and
LCL at the desired confidence level.

(2) Compute the one-sided UCL as follows:

(a) Choose the desired confidence level.
(b) Compute d.f.1 as follows:

.. Multiply sc by 2.
2. Add 2 to step 1.

(c) Compute d.f. 2 as follows:

_. Multiply sc by 2.
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(3) Compute the one-sided LCL (3)
for P as follows:

(a) Choose the confidence (a) a - .05
level (1--a). 1-a " .95

(b) Compute: (b) d.f., - 2(5)+2

d.f.- - 2(f)+2 -12

(c) Compute: (c) d.f. 2 - 2(52)-2(5)

d.f-2 - 2(N) - 2(f) - 104-10

- 94

(d) Use Table B-8, page 2-18, (d) F.95 for (12,94)d.f.
to obtain FI.a for (d.f. 1 , d.f. 2 ) d.f. approximates closely

F.95 for (12,90)d.f.

F. 9 5 for (12,90)d.f. 1.86

(e) 'Compute: (e)
1 1

L - - -LCL f -+-I---i+ (-+)F l...a I+ dV)F. 9 5
N-f 52-5

1

1 +(--2 )6(1.86)
47

1

"1+(.1277) (1.86)
1

1+.2374

1

1.2374

- .8081

= .80

(f) Conclude that o i LCL (f) Conclude that
at a 100(l-.a)% confidence level. P a .80 at a 95Z confidence

level.

NOTE: .80 is referred to
as the reliability
of the test item

at a 95% confidence
level.
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10.1.1.5 ANALYSIS

a. Case I:

If N a the intersection value (Table B-18, page 2-74)
the null hypothesis that p I Po is accepted; otherwise, there is no
reason to believe P > 00 at a l00(l-o)% confidence level.

b. Case I:

(1) The two-sided interval surrounds p such that P e
UCL and P a LCL at a 100(l-a)% confidence level.

(2) The UCL is determined so that p s, UCL at
4 a 100(l-a)% confidence level.

(3) The LCL is determined so that p Z. LCL at
a 100(l-a)% confidence level.

10.1.2 DETERMINATION OF SAMPLE SIZE

10.1.2.1 OBJECTIVE

a. To determine the absolute minimum Nt required t. establish
oo at the desired confidence level.

b. To determina the minimum Nt required to establish p0 at
the desired confidence level when the average number of failures is known
from previous testing or a comparable item.

10.1.2.2 DATA REQUIRED

a. None.

b. The average number of failures known from a standard item,
history, or Requirements Document.

10.1.2.3 PROCEDURE

a. Case I: Determination of an absolute minimum Nt.

(1) Use Table B-18, page 2-74, to obtain the intersection
of the "Reliability" row and the "Confidence Level"
column for zero failures.

(2) Conclude that the intersection value is the absolute
minimum Nt since zero failures constitutes the ideal
"situation.

b. Case II: Determination of Nt.

(1) Use Table B-18, page 2-74, to obtain the intersection
of the "Reliability" row and the "Confidence Level"
column for the average number of failures known from
a standard item, history, or Requirements Document.
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(2) Conclude that the intersection value is the minimum
Nt. Generally the test item must be as good as
previous test results from a standard item. Note
that in most cases this Nt will be larger than the
absolute minimum Nt generated in Case I.

10.1.2.4 EXAMPLE

a. Case I: Determination of an absolute minimum Nt.

Given:

-o - .95

1-0 - .90
f-0

Procedure: Example:

(1) Use Table B-18, page 2-74, (1) For f - 0, 0o m .95,
to obtain the intersection of and 1--a - .90,
the "Reliability" row and the a 45
"Confidence Level" column for zero
failures.'

(2) Conclude that the inter- (2) For zero failures,
section value is the absolute conclude that 45 samples are
minimum Nt since zero failures required to achieve o - .95
constitures the ideal situation. at a confidence level of 90%.

b. Case II: Determination of Nt

Given:
Po .95

1--a .90

Average number of failures for the standard item - 6

Procedure: Example:

(1) Use Table B-18, page 2-74, (1) For f - 6, 0o - .95,
to sbtain the intersection of and 1-a - .90,
the "Reliability" row and the
"Confidence Level" column for Nt - 209.
the average number of failures.

(2) Conclude that the inter- (2) For no more than six
section value is the minimum failures, conclude that 209
Nt. Generally the test item samples are required to achieve
must be as good as previous p - .95 at a 90% confidence
test results from a standard level.
item.

NOTE: In most cases this NOTE: 209 > 45

Nt will be larger
than the absolute
minimum Nt generated
in Case I. -127-
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10.1.2.5 ANALYSIS

a. Initial Nt.

At a specified confidence level, reliability, and number
of failures, Nt samples are required to determine whether p a po. Zero
failures will generate the absolute minimum Nt.

b. Adequacy of Nt.

After the initial Nt samples have been tested, R must be
computed at the desired confidence level for the number of failures that
occurred. If the computed R is equal to or greater than pop the initial
Nt is adequate; however, if the computed R is less than po, the initial
Nt is inadequate. If Nt is inadequate, Nt must be recomputed using the
number of failures which have occurred, f, and the desired confidence level;
and additional samples must be tested if possible or a reject dicision made.

10.1.3 SEOUENTIAL ANALYSIS FOR SUCCESS-FAILURE

a. When testing an hypothesis using the sequential method,
the project officer is able to make one of the following three decisions
at any stage of testing:

(1) Accept the hypothesis.
(2) Reject the hypothesis.
(3) Continue the experiment by collecting additional data.

b. Usually a po of .95 with a high degree of assurance is
required. In order to achieve assurance of such a high po, the project
officer would have to conduct excessive testing; e.g., mary thousands of
rounds. This may be impractical; however, using the following statistical
approach, the project officer will achieve the predetermined confidence
level for reaching the accept decision.

c. If certain criteria are set up graphically, a decision can
- be made to accept, reject, or continue testing the test item after each sample

is tested. This graph uses three areas to represent the decisions to accept,
reject, or continue testing the test item. The accept region is below a
boundary line determined by the subtraction of the maximum proportion of de-
fectives (Po) and the confidence levels for rejection and acceptance. The
continue testing area is above the accept.boundary line and below the reject
boundary line. The size of this area, which is an area of doubt for the test
item, is determined by the project officer (see paragraph 4.14, page 14). The
area of doubt is designed for a test item which may be good but has gotten
off to a slow start. In this case, a longer period of time will be required
to satisfy the doubts concerning acceptability of the test item. The reject
boundary line is determined by Po and the confidence levels for rejection
and acceptance. The area above this boundary lire is the area of rejection.
A graph of this type is illustrated by Figure 14. The number of samples
are plotted on the horizontal axis with each increment representing one
sample. The number of failures are plotted on the vertical axis with each
increment representing one failure.
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d. The construction of the two boundary lines is described in
the procedure paragraph below.

10.1.3.1 OBJECTIVE

To determine whether the proportion of defective test items is
equal to or less than P0 at the desired confidence level.

10.1.3.2 DATA REQUIRED

N and f.

10.1.3.3 PROCEDURE

a. Construct the boundary lines as follows:

(1) Choose a and J8, the probabilities of making Type I
and Type II errors respectively.

(2) Choose the amount of doubt, the proportion of defectives
allowable for continued testing.

(3) Use Table B-19, page 2-127, to obtain a and b for
a and B.

(4) Subtract D from Po to obtain the upper limit for the
proportion of defectives (Pu).

NOTE: Po equals Xo, if Xo is in terms of defectives.
P0 equals the quantity (1-Xo), if Xo is in terms
of successes.

(5) Compute U, an intermediate value, as follows:

(a) Divide P0 by step (4).
(b) Subtract step (4) from 1.
(c) Subtract Po from 1.
(d) Divide step (b) by step (c).
(e) Multiply step (a) by step (d).
(f) Find the natural logarithm of step (e).

(6) Compute V, an intermediate value, as follows:

(a) Subtract step (4) from 1.
(b) Subtract Po from 1.
(c) Divide step (a) by step (b).
(d) Find the natural logarithm of step (c).
(e) Divide step (d) by step (5).

(7) Determine the accept boundary line as follows-

(a) Divide the value b in step (3) by step (5).
(b) Multiply step (6) by N.
(c) Add step (a) to step (b) to determine the maximum

allowable f for accepting the test item (f ACCEPT

: + vN)).

(d) Choose two values for N and substitute them into
the above equation to determine two points on the
accept boundary line.
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10.1.3.4 EXAMPLE

a. Construct the boundary lines as follows:

Given:

Po - .07 (7 failures out of 100; reliability of 93%)

Procedure: Example:

(1) Choose a and 0. ( a) o .05

1-a " .95

8 - .20

1-8 - .80

(2) Choose D. (2) D - .02

(3) Use Table B-19, page 2-127, (3) a - 2.773
to obta•rn a and b for a and 0. b - -1.558

(4) Compute: (4) PU - .07 - .02

PU - PO D - .05

(5) Compute (5)/

U - .e0) )_
- in (1.4000)(1.0215)

- ln 1.4301
- .35775
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(6) Compute: I1-Pu (6) V 1-.3

V a = ln(l.0215)
u .35775

.021282

.35775

= .059488

(7) Compute: (7) f -1.558 + .059488(N)
fACCEPT .35775

ACCEPT b + V(N) - -4.355+.059488 (N)
U When N - 0, fACCEPT " -4.355

When N - 100, fACCEPT - 1.594

Plot the points
(0,-4.355) and (100,1.594)

to determine the accept boundary
line.

(8) Compute: (8) f ' 2.773 + .059488(N)(8)Comut: () REJECT ".-

f REJECT a + V(N) - 7.751+.059488(N)
U When N - 0, fREJECT - 7.751

When N - 100, fREJECT - 13.700

Plot the points
(0,7.75) and (100,13.700)

to determine the reject
boundary line.

(9) If the two lines are not
parallel, check the computations
and plotted points.

b. Plot the sample data on the sequential graph as follows:

Given:

Requirements and boundary lines from step a.
Sample data at Table A-6a, page 1-19.

Procedure: Example:

(1) Plot.the cumulative (1) (a) (30,1)
sample size and failure after (b) (75,2)
each sample,

(Ni, fi). See Table A-6a, page 1-19,
for complete list.
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- (2) After plotting each point, (2) For failures 1 through
decide to accept, reject, or 3, decide to continue testing.
continue testing the test item. At failure number 4 decide to

accept the test item. A
decision to accept the test
"item could have been made
when N was 134 and f was 3 since
the accept boundary was crossed
(see Figure 14, page 129).

NOTE: From Table B-18,
page 2-74, when

f=3,po-.95, and
- tI-a-.95, the inter-

section value is
153; thus, fewer
samples (N-134) are
needed using the
sequential method.

10.1.3.5 ANALYSIS

a. The sequential method generally minimizes testing time
* and N due to the fact that a decision to accept or reject is made as

soon as possible after the first failure. Since all failures are not
necessarily chargeable failures, decisions will be altered if certain
failures are not counted. If the project officer ignores a failure,
the probability of accepting an unacceptable item is increased. There-
fore, the project officer must carefully decide what constitutes a failure
(see paragraph 4.2, page 2).

b. Due to the advantages just discussed, the sequential
method should be used whenever possible (see subparagraph 10.2c, page 134).

10.2 RELIABILITY RELATIVE TO CONTINUOUS TESTING

a. When measuring R for the continuous testing situation,
the failure rate is assumed to approach the exponential distribution
(see paragraph 4.15.5, page 19). In this case there are three measures
of R that are of interest to the project officer. These are:

(1) The determination of mean time, miles, or rounds
between failures and the limits for the mean at a
desired confidence level (see paragraph 10.2.1,
page 134).

(2) The determination of a computed R (see paragraph
10.2.2, page 145).

(3) The determination of the R based on po and the desired
confidence level (see paragraph 10.2.3, page 147).

b. The first two determinations are simple and straight-
:,>rward but are biased by limitations on N. The third, which is the only
3equential analysis methcd, is a truer representation of the population.
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c. Sequential analysis is superior to nonsequential analysis
whenever the data become available serially and the cost of the data (in
terms of time, labor, or material) is approximately proportional to the
amount of data. Nonsequential analysis is superior whenever the amount of
data is fixed or the cost of the data is largely overhead, hence more or
less independent of the amount of data. Superiority consists of minimizing
the set of quantities N, a, and S. Sequential and nonsequential tests
differ in the constraints under which this set is minimized. Nonsequential
tests treat N as fixed and are designed so that either risk a or risk $ is
minimized when the other is fixed. Sequential tests treat N as a variable
and are designed so that for fixed risks, a and 8, the expected (average)
number of trials required to reach a decision is minimized. If for a
nonsequential test N is made large enough so that, with a fixed, S will not
exceed a predetermined amount, this value of N will exceed (frequently by
as much as 100 percent) the N required for a sequential test for the same
a and B. Thus, when N is readily subject to variation, sequential tests
are superior; when N is not readily varied, nonsequential tests are superior.

d. Examples of the solution for each determination are in the fol-
lowing paragraphs. In all examples mean time between failures (MTBF) is
used. Other means, such as mean miles between failures (MHEF) or mean
rounds between failures (MRBF), may be used when applicable.

10.2.1 MEANS AND LIMITS

10.2.1.1 MEANS

10.2.1.1.1 OBJECTIVE

To determine the mean time Uetween failures.

10.2.1.1.2 DATA REQUIRED

A list of sample readings; e.g., operating time (primary parameter)
and failures (secondary parameter).

10.2.1.1.3 PROCEDURE

a. Sum the primary parameter.

b. Sum the secondary parameter.

c. Divide step a by step b.

10.2.1.1.4 EXAMPLE

Given:

Sample data at Table A-6c, page 1-21.

Procedure: Example:

a. Sum the'-primary parameter; a. Tt - 3752 hours
e.g., total time (Tt) or total
miles (Tm).
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b. Sum the secondary parameter; b. f - 12
"e.g., total failures (f).

. c. Compute: c. MTBF - 3752/12

" M -Tt - 312.56
MBP - - 313 hours

"'OT,: In the event a test is time terminated and zero failures occurred, a
point estimate of the MTBF cannot be determined but a LCL may be computed
(see paragraph 10.2.1.3).

10.2.1.1.5 ANALYSIS

The sample mean, or average, is a value which is typical or
representative of a set of data. The mean is the most commonly used
measure of central location.

10.2.1.2 LIMITS USING THE STUDENT t DISTRIBUTION

10.2.1.2.1 OBJECTIVE

", To determine the two-sided and one-sided limits for the MTBF
using the t distribution.

10.2.1.2.2 DATA REQUIRED

A list of sample readings; e.g., operating time (primary parameter)
and failures (secondary parameter).

10.2.1.2.3 PROCEDURE

a. Case I: UCL and LCL (two-sided limits), also referred
to as M2 and MI.

(1) Choose the desired confidence level.
(2) Use Table Z-5, page 2-5, to obtain t1 -. , for f-I d.f.
(3) Compute the MTBF (see paragraph i0.2.1.ii3, page 134).
(4) Compute the time between failures for each consecutive

pair of failures if the data have been recorded as
cumulative time.

(5) Compute 3 (see paragraph 7.1.1.4, page 65).

NOTE: The sample size is the number of failures.

(6) Compute c as follows:

(a) Multiply step (2) by step (5).
(b) Divide step (a) by the square root of f.

(7) Add step (6) to step (3) to obtain the UCL and subtract
step (6) from step (3) to obtain the LCL.

(8) Conclude that the population MTBF is equal to or less
than the UCL and equal to or greater than the LCL at the
desired confidence level.
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.b. Case II: UCL (one-sided limit), also referred to as M2 .

(1) Choose the desired confidence level.
(2) Use Table B-5, page 2-5, to obtain t_., for f-1 d.f.

(3) Compute the NTBF (see paragraph 10.2.1.1.3, page 134).
(4) Compute the time between failures for each consecutive

pair of failures if the data have been recorded as

cumulative time.

(5) Compute s (see paragraph 7.1.1.3, page 64).
NOTE: The sample size is the number of failures.

(6) Compute e as follows:

(a) Multiply step (2) by step (5).

(b) Divide step (a) by the square root of f.

(7) Add step (6) to step (3) to obtain the UCL.

(8) Conclude that the population MTBF is equal to or less

than the UCL at the desired confidence level.

c. Case III: LCL (one-sided limit), also referred to as M1 .

(1) Choose the desired confidence level.
(2) Use Table B-5, page 2-5, to obtain t1  for f-i d.f.
(3) Compute the MTBF (see paragraph 10.2..1..3, page 134).
(4) Compute the time between failures for each consecutive

pair of failures if the data have been recorded as

cumulative time.
(5) Compute s (see paragraph 7.1.1.3, page 64).

NOTE: The sample size is the number of fAilures.

(6) Compute e as follows:

(a) Multiply step (2) by step (5).

(b) Divide step (a) by the square root of f.

(7) Subtract step (6) from step (3) to obtain the LCL.
(8) Conclude that the population MTBF is equal to or

greater than the LCL at the desired confidence level.

10.2.1.2.4 ZZgLZ
a. Case 1: UCL and LCL (two-sided limits), also referred to as

M2 and M1, respectively.
Given:

Sample data at Table A-6d, page 1-22.

Procedure: Example:

(1) Choose the confidence level (1) C - .10

(1- ). 1-0 - .90
1-a/2 - .95

(2) Use Table B-5, page 2-5, (2) f-I = 5
to obtain tl-,/ 2 for (f-l) d.f. t.9 5 for 5 d.f. - 2.015
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(3) Compute the MTBF. (3) MTBF - 207 hours
See paragraph 10.2.1.1.4,
page 134.

(4) Compute the time between (4) (a) Time to failure 1
faiJures for each consecutive - 200 hours
pair of failures if the data (b) Time between failures
have been recorded as 2 and 1
cumulative time. - 410-200

w 210 hours

(5) Compute: (5)

_14 fg-6-

- 16.80
"- 17 hours

See paragraph 7.1.1.4, page 65.
(6) Compute: (6) £ - 2.015(16.80)

ta/2(s)

- 33.85/2.449
- 13.82

(7) Compute: (7) UCL - 206.83 + 13.82

UCL MTBF + - 220.65
- 221 hours

LCL TBF- LCL - 206.83 - 13.82
- 193.01
-193 hours

(8) Conclude that the population (8) Conclude that the popula-
''TBF s UCL and the population tion MTBF £ 221 hours and the
MTBF -A LCL at a 100(1-a)% population MTBF a 193 hours
confidence level, at a 90% confidence level.

b. Case II: UCL (one-sided limit), also referred to as M2.

Given:

Sample data at Table A-6d, page 1-22.

Procedure: Example:

(1) Choose the zonfidence (1) a - .10

level (1-a). 1-a - .90

(2) Use Table B-5, page 2-5. (2) f-i a 5-
to obtain tla for (f-1) d.f. t.90,-for 5 d.f. - 1.476

(3) Compute the MTBF. (3) HrBF - 1241/6
- 207 hours

See paragraph 10.2.1.1.4,
page 134.
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(4) Compute the time between (4) (a) Time to failure 1

failures for each consecutive 200 hours.

pair of failures if the data (b) Time between failures

have been recorded as 2 and 1 - 410-200

cumulative time. - 210 hours
See Table A-6d, page 1-22
for complete list.

(5) Compute: (5) 1410.6

- 16.80
- 17 hours

See paragraph 7.1.1.4, page 65.

(6) Compute: • (6) £ - (1.476) (16.80)

CWt -. (s) 
,6

24.80

2.449

- 10.13

(7) Compute: (7) UCL " 206.83 + 10.13

UCL - MTBF + e 
.216.96

(8) Conclude that the population (8) Conclude that the popu-

MTBF - UCL at a 100(1-a)% confidence lation MTBF 9 217 hours at a

level. 90% confidence level.

c. Case III: LCL (one-sided limit), also referred to as MI.

Given:

Sample data at Table A-6d, page 1-22.

Procedure: Example:

(1) Choose the confidence (1) a - .10

level (1-a). 1-a - .90

(2) Use Table B-5, page 2-5, (2) f-l - 5

to obtain tl_a. for (f-1) d.f. t.90 for 5 d.f. - 1.476

(3) Compute the MTBF. (3) MTBF - 207 hours.
See paragraph 10.2.1.1.4, page 134.

(4) Compute the time between (4) (a) Time to failure 1

failures for each consecutive - 200 hours.

pair of failures if the data (b) Time between failures

have been recorded as 2 and 1

cumulative time. - 410-200
- 210 hours
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(5) Compute: (5) s - 16.80
- 17 hours

See paragralh 7.1.1.4, page 65.

(1.476) (16.90)
(6) Compute: (6) e -

Ll., (s) •

1- 0.13

(7) Compute: (7) LCL w 206.83 - 10.13

LCL - MTBF - w 196.70
a 196 hours

(8) Conclude that the popu- (8) Conclude that population
lation MTBF • LCL at a MTBF .2 196 hours at a 90%
100(1-a)% confidence level, confidence level.

10.2.1.2.5 ANALYSIS

a. The two-sided interval surrounds the population MTBF such
that the population MTBF t UCL and thke population MTBF a LCL at a 100(I-a)%
confidence level.

b. The UCL of the MTBF is determined such that the population
MTBF _ UCL at a lOO(l-G)% confidence level.

c. The LCL of the ?.BF is determined such that the population
MTBF > LCL at a 100(1-G)% confidence level. M, (the LCL) is generally
considered the RrBF of the population since the population MBF Vill be at
least MI at a i00(i-u)% confidence level. If comparing MI to the required
IMTBF produces an accept decision for the test item, then on the average,
the test item will tunction as required at a 100(l-a)% confidence level.

d. The method used to compute M, and M2 uses s to estimate a.
If the time between two failures is close to the MTBF, s will be small;
anu MI will be close to the MTBF. However, if the times between failures
are erratic (close to the MTBF in some cases aud far from the MTBF in other
cases), s will be large; and the interval between the M1 and the MTBF will
increase. Since this method uses the student t distribution, f should be
less than or equal to 30.

NOTE: The application of the student t assumes that
the MTBF's are approximately normally distributed.

10.2.1.3 LIMITS USING THE Y2 DISTRIBUTION

10.2.1.3.1 OBJECTIVE

To determine the two-sided and one-sided limits for the .TBF using
the X distribution.
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10.2.1.3.2 DATA REQUIRED

A list of sample readings; e.g., operating time (primary parameter)
and failures (secondary parameter). -

10.2.1.3.3 PROCEDURE

a. Case I: UCL and LCL (two-sided limits), also referred to as
M2 and M1 .

(1) Choose the desired confidence level.
(2) Use Table B-20, page 2-128, to obtain LF1 ~/ for:

(a) f + 1 d.f., if a time terminated test.

(b) f d.f., if a failure terminated test.

(3) Use Table B-21, page 2-129, to obtain the UPI.,, for
f d.f., for both the time and failure terminated test.

(4) If the test is a time terminated test, compute the
following:

(a) Multiply step (2)(a) by Tt.
(b) Divide step (a) by the quantity (f+l) to obtain the

LCL.
(c) Multiply step (3) by Tt.
(d) Divide step (c) by the value of f to obtain the UCL.

(5) If the test is a failure terminated test, compute the
following:

(a) Multiply step (2) (b) by Tt.
(b) Divide step (a) by f to obtain the LCL.
(c) Multiply step (3) by Tt.
(d) Divide step (c) by f to obtain the UCL.
NOTE: To maintain accuracy, the six decimal number

found in Table B-20, page 2-128, or B-21,
page 2-129,must be used.

(6) Conclude that the population MTBF is equal to or between

the UCL and LCL at the desired confidence level.

b. Case II. UCL (one-sided limit), also referred to as M2 .

(1) Choose the desired confidence level.
(2) Use Table B-21, page 2-129, to obtain the UFI_. for

f d.f., for both the time and failure terminated test.

(3) Compute the UCL as follows:
(a) Multiply step (2) by Tt.
(b) Divide step (a) by f.

NOTE: To maintain accuracy, the 31x decimal number
found in Table B-21, page 2-129, must be used.

(4) Conclude that the population MTBF is equal to or less
than the UCL at the desired confidence level.
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c. Case III. LCL (one-sided), also referred to as MI.

(1) Choose the desired confidence level.
(2) Use Table B-20, page 2-128, to obtain LFI.. for:

(a) f+l d.f., if a time terminated test.
(b) f d.f., if a failure terminated test.

(33) If a time terminated test, compute the LCL as follows:

(a) Multiply step (2)(a) by Tt.
(b) Divide step (a) by the quantity (f+l).

(4) If a failure terminated test compute the LCL as follows:

(a) Multiply step (2)(b) by Tt.
(b) Divide step (a) by f.

NOTE: To maintain accuracy, the six decimal
number found in Table B-20, page 2-128,
must be used.

(5) Conclude that the population MTBF is equal to or greater
than the LCL at the desired confidence level.

10.2.1.3.4 EXAMPLE

a. Case I: UCL and LCL (two-sided limits), also referred to
a s M 2 a n d M 1 . G i e nGiven:

Sample data at Table A-6c, page 1-21.

Procedure: Example:

(1) Choose the confidence level (1) a - .05
(1-0). 1-a - .95
(2) Use Table 3-20, page 2-128, (2) LF. 9 7 5 for 13 d.f. - .620525

to obtain LF1 ._./ 2 for:

(a) f+l d.f., if a time
terminated test.

(b) f d.f., if a failure
terminated test.

(3) Use Table B-21, page 2-129, (3) UF. 9 7 5 for 12 d.f. - 1.935484
to obtain UF,_ 1 /2 for f d.f.

(4) Compute for a time (4) Since the test is time
terminated test: terminated,

(LFi-,/ 2 )(Tt) LCL . ('620525)(3752
LCL - f +r -- ('12+i)

(U`F1--I2) (Tt) - 179.093062
UCL - - 179 hours

f UCL - (1.935484)(3752)
12

a 605.161330
- 606
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(5) Compute for a failure
terminated test: 4

LCL - (LF 1 -.. / 2 ) (Tt)

f

UCL - ( . T
f

(6) Conclude that the population (6) Conclude that the population
MTBF : UCL and the population MTBF MTBF 9 606 hours and the popula-
a LCL at a 100(1-a)% confidence tion MTBF z 179 hours at a 95%
level, confidence level.

b. Case II. UCL (one-sided limit), also referred to as M2.

Given:

Sample data at Table A-6c, page 1-21.
Procedure: Example:

(1) Choose the confidence (1) a - .05
level (1-a). 1a-a - .95
(2) Use Table B-21, page 2-129, (2) UF.95 for 12 d.f. - 1.739130
to obtain the UF1 _., for f d.f.,
for both a time and failure
terminated test.
(3) Compute (3)

UCL - (UFj..a) (T d UCL - (1.739130)(3752)

f 12

- 543.767980

=544

(4) Conclude that .e population (4) Conclude that the population
MTBF 9 UCL at a 100(l-a)% confi- MTBF 9 544 hours at a 95% confi-
dence level. dence level.

c. Case III: LCL (one-sided limit), also referred to as M1 .

Given:

Sample data at Table A-6c, page 1-21.

/
/1
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Procedure: 
Example:

(1) Choose the confidence (1) a - .05
level (l-a). 1-a a .95
(2) Use Table B-20, page 2-128, (2) LF .95 for 13 d.f. - .668380

to obtain LFI.. for:

"(a) f+l d.f., if time
terminated.

(b) f d.f., if failure
terminated.

(3) Compute for a time (3) Since the rest is time
"terminated test: terminated,

LCL (LFI -a)(Tt) LCL - (.668380) (3752)

(f+l) 12+1

= 192.907836

- 192 hours

(4) Compute for a failure (5) Conclude that the popula-
terminated test: tion 14TBF a 192 hours at a 95%

(LFi-.a)(Tt) confidence level.
LCL -4

f NOTE: Although the confi-
"(5) Conclude that the dence level is numeri-

population MTBF a LCL at a cally the same for all
100(1--a)% confidence level, three cases, M, and M2  d

take on dJfferent values(see Figure 15).

10.: 1.3.5 ANALYSIS

a. The two-sided interval surrounds the population MTBF such
thac the population MTBF 9 UCL and the population XTBF b LCL at a 100(1-u)%
"zonfidence level.

b. The UCL of the MTBF is determined such that the population
11TBF'. UCL at a 100(i-a)% confidence level.

c. The LCL of the MTBF is determined such that the population
'TBF _ LCL at a l10(1-a)04 confidence level. M1 (the LCL) is generally
considered the MTBF of the population since the population MTBF will be at
least M1 at a 100(1-a)% confidence level. If comparing M, to the required
'ITBF produces an accept decision for the test item, then on the average,
the test item vill. function as required at a lO0(l-a)% confidence level.

d. The method used to compute M1 and M2 is dependent upon the
type of test conducted; i.e., time terminated or failure terminated. The
time terminated test produces a more conservative estimate for the LCL of
the population MTBF since a safety factor of one is added to the number
of failures which occurred.
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COMPARISON OF LIMITS

LCL 179 hours UCLI 606hours
Perameter

A

UCL S 544 hours
Parameter

lb

LCL 1 192 hours
POrameter

C

Figure 15

-144-



MfP 3-1-005
10 June 197T
CHANGE 1

10.2.2 APPLICATION OF THE EXPONENTIAL DISTRIBUTION

10.2.2.1 OBJECTIVE

To determine the reliability for those items which demonstrate
an exponential lifetime to failure.

SJ10.2.2.2 DATA REQUIRED

The mission (operational) profile (HP), Tt, and f.

10.2.2.3 PROCEDUrYE

a. Choose the desired confidence level.

b. Compute the MTBF (see paragraph 10.2.1.1.3, page 134).

c. Use Table B-20, page 2-128, to obtain the LFI.., for:

(1) f+l d.f., if a time terminated test.
(2) f d.f., if a failure terminated test

d. Compute the LCL as follows:

j (1) For a time terminated test, multiply step c by T and
divide by the quantity (f+l).

(2) For a failure terminated test, multiply step b by step c.

NOTE: To maintain accuracy, the six decimal number
found in Table B-20, page 2-128.

e. Compute R as follows:

(1) Divide MP by step d.
(2) Use Table B-22, page2-130, to obtain e raised to

the negative power of step (1).
f. Conclude that p is equal to or greater than R at the desired

confidence level.

g. If R is equal to or greater than po, decide that P is equal
to or greater than Po; otherwise, there is no reason to believe P is equal to
or greater than Po at the desired confidence level.

10.2.2.4 EXAMPLE.

Given:
P0 - .75

Sample data at Table A-6c, page 1-21.
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Procedure: Example:
Choose the confidence a. a - .05

level (1--a) 1- a.95

b. Compute: b. I =375_2
MTB a Tt b.12

F a 312.67
- 313

c. Use Table B-20, Page 2-128, c. LFI for 13 d.f. - .668380
to obtain LF1.- for:

(1) f+l d.f., if a time terminated
test.

(2) f d.f., if a failure
terminated test.

d. Compute: d. Since the example is a time
terminated test,(1) For a time terminated test:

LCL - (LF 1-a ) (Tn) LCL 2 (.668380) (3752)
12+1.

f+1 - 2507.761760(2) For a failure terminated 13
test:

LCL -(Lp.a) (MBF) - 192 hours
e. Compute: e. -48

- MP R-e 192.90R-e LCL = g -.249

a .7796
f. Conclude that o > R at a f. Conclude that P > .77 at a100 (1- a)Z confidenc'e level. 95Z confidence level.
g. If R > PO , decide that g. Since .77 > .75, decide thatP > 0 ; otherwise, there is no 0 > .75, at a 95% confidence level.
reason to believe o > oo at a
100 (1- a )% confidence level.
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(6) Compute: (6)
- 1 -

r MTIE 224.07

- .0044629

S(7) Compute: (7) f 1738

rt 0 - .0057536

(8) Compute: (8) U a .0057536 - .0044629

U Cofrtp -t r - .0012908

(9) r(224.071

(9) Compute: (9)1, t I \ 173.80
1n V -- .t)0012908

V in 1.29
U

.0012908

.25404

.0012908

" 196.81

(10) Compute: (10) 2 . 7 7 3  + 196.81(f)
TACCEPT ".0012908

TACCEPT - + V(f) 
, 2 148.2+196.81(f)

U When f - 0, TACCEPT m 2118

When f - 7, TACCEPT a 3530

Plot the points (0,2150) and

(7,3530) to determine the accept
boundary line.

-1.558

(11) Compute: (11) T .0012908+ 196.al(f)

TT - + V(f) - -1207+196.81(f)

When f - 0, TREJECT " -1207

When f - 7, TREJECT " 170

Plot the points (0,-1207) and

(7,170) to determine the reject

boundary line.

(12) If the two lines are not (12)

parallel, check the computations
and plotted points
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b. Plot the sample data on the sequential graph as follows:

Given:

Requirements and boundary lines from step a.
Sample data at Table A-6e, page 1-22.

Procedure: Example:

"(1) Plot the cumulative operating (1) (a) (1,175)
hours at appropriate intervals (b) (2,490)
(f 1 , Ti). See Table A-6e, page 1-22

for complete list.

(2) After plotting each point, (2) For failures 1 through 4,
decide to accept, reject, or decide to contizua testing.
continue testing the test item. Decide to accept the test item

when T a 3133 hours and
f - 5 since the accept boundary
line is crossed. See Figure
16, page 148.

10.2.3.5 ANALYSIS

a. The sequential method generally minimizes testing time and
N due to the fact that a decision to accept or reject is made as soon as
possible after the first failure. Since all failures are not necessarily
chargeable failures, decisions will be altered if certain failures are
not counted. If the project officer ignores a failure, the probability
of accepting an unacceptable item is increased. Therefore, the project
officer must carefully decide what constitutes a failure (see paragraph
4.2, page 2).

b. Due to the advantages just discussed, the sequential method
should be used whenever possible (see paragraph 10.2c, page 134).

10.3 COMBINED RELIABILITY

If a number of components of a system are connected in such
a way that the failure of any one component causes a failure of the system,
then these components are considered to be functionally in series. The
reliability of such a system can be determined by the following method.

10.3.1 OBJECTIVE

a. Case I: To determine the reliability of a system based on
the individual reliabilities of its components.

b. Case 11: To determine the reliability of an individual
component of a system.

10.3.2 DATA REQUIRED1 a. Case I: N and f for each component.

b. Case II: N and f for the component tested.
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10.3.3 PROCEDURE

a. Case I: Reliability of independent serial systems.

"(1) Choose the desired confidence level.
(2) Compute the point estimate reliability (RpE) as follows:

(a) Subtract f from N for each component.
(b) Divide step (a) by N for each respective component.
(c) Multiply the results of step (b) by each other.

(3) Compute the system failures (f.) as follows:

(a) Subtract step (2) from 1.
(b) Multiply step (a) by the minimum N of the components.

(4) Compute the LCL u3ing Case II of paragraph 10.1.1.4,
page 122.

NOTE: When using f. to determine d.f.1 and d.f. 2 ,
round off the results.

(5) Conclude that th'e p for the system is the LCL at the
desired confidence level.

b. Case I1: Reliability of a component.

See Case 11(3) of paragraph 10.1.1.4, page 122.

10.3.4 EXAMPLE

a. Case I: Reliability of independent serial systems.

Given:
Sample data at Table A-6g, page 1-24.

Procedure: Example:

(1) Choose the confidence (1) a - .10
level (1-0). 1-a u .90

"(2) Compute: (2) a1 90-2 190-4 )(45-1) 4 5-3(2) cmput. (2)•z "-•-, 90 ,455',--
Ni-fi

RpE -iT - (.9778)(.9556)(.9778)
(.9333)

= (.9344)(.9126)

- .8527

(3) Compute: (3)f 45(-.8527)

fs Nmijua(RpE) - 45(.1473)

- 6.628
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(4) Compute: (4) d.f., - 2(6.628)+2

d.f., - 2(fs)+2 - 13.256+2
- 15.256
- 15

d.f. 2 " 2(Nmin)- 2 (fs) d.f. 2 - 2(45)-2(6.628)

- 90-13.256
- 76.744
- 76

NOTE: Use 15 and 70 in F
tables.

1 LCL 1
L C L 1 + f 8 + 11 

6 6 2 8 + ? . g1+ n-fs (-_ 45-6.628 .

See paragraph 10.1.1.4, Case 1
II, page 122, for details.
NOTE: N is the minimum N of 1+ .7.56288)

the components and f 38.37

is fs" 1
1+(.1988) (1.58)

1

- .7610
-. 76

(5) Conclude that the o for (5) Conclude that the P
the system is the LCL at a for the system is .76 at a
1O0(0-0)Z confidence level. 90% confidence level.

b. Case II: Reliability of a component.
See Case II (3) of paragraph 10.1.1.4, page 122.

10.3.5 ANALYSIS

a. Case I. The point estimate (achieved) reliability of
an independent serial system is determined by multiplying together the poii.t
estimate reliability of the components. The number of system failures is
determined by multiplying the minimum sample size of the components by the
quantity (I-RpE). The R of the system is then determined as a LCL (see
paragraph 10.1.1.4, Case I1, page 122). The project officer will compare
this R to Po to determine whether p z P0 at a 100(1-a)% confidence level.

b. Case II. R at a 100(1-a)% confidence level is computed as a
LCL. The project officer will compare this R to po to determine whether
0 A Po at a lO0(l-a)% confidence level.

11. MAINTENANCE EVALUATION

11.1 MAINTENANCE RATIO
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11.1.1 OBJECTIVE

To determine the maintenance ratio (MR) for the test item.

11.1.2 DATA REQUIRED

Records of active maintenance manhours and Tc.

11.1.3 PROCEDURE

a. Sum the active maintenance manhours to obtain the total

maintenance manhours (TM).

b. Sum the hours of operation to obtain Tt.

c. Divide TM by Tt.

11.1.4 EXAMPLE

Given:
Sample data at Table A-7b, page 1-26.

?rocedure: Example:

a. Compute: a. TM - 9.25 manhours

TM - E active maintenance
alnhours.

b. Compute: b. Tt - 109.75 hours

T- E operating time. 9.25

Compute: c. MR = 109.75

MR w ,- .084282

- .0842 manhours per hour

i I- .5 ANALYSIS

The MR indicates the amount of active maintenance manhours

.>:quired per operating hour for the test item.

11.2 MAINTAINABILITY

11.2.1 OBJECTIVE

To determine the maintainability (M).

11.2.2 DATA REQUIRED

a. Active maintenance time (AMT), the number of maintenance
actions (MA), the allowable maintenance action time (w).

b. Time to repair (RT), w, and f.

11.2.3 PROCEDURE

a. Case I: Maintainability, based on all MA's.

(1) Sum the AMT's (ZAMT).
(2) Divide step (1) bv MA to obtain the mean active

maintenance time (M).
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(3) Determine the maintenance action rate (AR) by dividing
1 by step (2).

(4) Compute M as follows:

(a) Multiply step (3) by w.
(b) Raise the exponential (e) to the negative power

of step (a) (see Table B-22, page 2-130).
(c) Subtract step (b) from 1.

(5) Conclude that the M is the probability of completing
an MA of the population within prescribed limits based
on the sample.

b. Case II: Maintainability, based only on failures.

(1) Compute Y, an intermediate value, as follows:

(a) If f is equal to or less than 3, compute:

1. Use Table B-22, page 2-130 to obtain a
raised to the negative power of f.

2. Subtract step 1 from 1.

(b) If f is greater than 3, set Y equal to 1.

(2) Sum the repair time (tRT).
(3) Divide step (2) by f to obtain the mean time to

repair (MTTR).
(4) Divide 1 by step (3) to obtain the repair rate (RR).
(5) Compute U, an intermediate value, as follows:

(a) Multiply step (4) by w.
(b) Use Table B-22, page 2-130, to obtain e raised

to the negative power of step (a).
(c) Subtract step (b) from 1.

(6) Multiply step (1) by step (5) to obtain M.
(7) Conclude that the M is the probability Jf completing

a failure within prescribed limits based on the sample.

11.2.4 EXAMPLE

a. Case I: Maintainability, based on all MA's.
Given:
w .5 hour
MA 22
Sample data at Table A-7a, page 1-25.

Procedure: Example:

(1) Compute: (1) LAMT - 16.9 hours
ZAMT

(2) Compute: (2) L'- 16.9
22

-AMT - .7682
MA .77 hour per action.
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(3) Compute: (3) AR .7682
B' 1

AR- = 1.3148
a 1.31 actions per hr.

(4) Compute: (4) .- (1"3148)('5)

M - l-e (AR) (w) 1-e-, 657
Use Table B-22, page 2-130. 1-.5184

.4•816

.48

(5") Conclude that the M is (5) Conclude that .48 is the

the probability of completing probability of completing an

an MA within prescribed limits MA in .5 hour or less based

based on the sample. on the sample.

b. Case II: Maintainability, based only on failures
Given:
w .5 hours
fs5
"Sample data at Table A-7a, page 1-25.

Procedure: Example:

(1) Compute: (1) Since 5 > 3,

(a) If f 1 3, compute: Y- 1

Y - 0-ef

(b) If f > 3, assume:

Y-1

(2) Compute: (2) ZRT - 4.8 hours

ZRT 4.8

(3) Compute: 
(3) MTTRi- 4.

ERT - .960 hr. per
f failure

(4) Compute: 
(4) RR -

1.
RR- a _ M a- 1.04 failures per

hr. of repair

(5) Compute: (5) -(1.04)(.5)
U - 1-e - 520

Use Table B-22, page 2-130. - 1-e

m 1-.5945

w .4055
"- .41
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(6) Compute: (6) _ - (1) (.41)

M a Y(U) = .41

(7) Conclude that the M (7) Conclude that .41 is
is the probability of the probability of completing
completing a failure within a failure in .5 hour or less
prescribed limits based on based on the sample.
the sample.

11.2.5 ANALYSIS

Maintainability is a characteristic of design and installation
* which is expressed as the probability than an item will be retained in or

restored to a specified condition within a given period of time, when the
maintenance is performed in accordance with prescribed procedures and
resources. The maintainability increases exponentially with time for a
given maintenance action rate. The greater the time available to perform
a MA, the greater will be the probability of successfully performing the
maintenance action.

11.3 AVAILABILITY

Availability is a measure of the degree to which an item is
in the operable and committable state when the mission is called for at
an unknown (random) point in time. Availability actually consists of two
components: maintainability and reliability. Poor reliability can be
offset by correspondingly improved maintainability. For test purposes
availability is broken down into three types which are discussed in the
following paragraphs.

11.3.1 INHERENT AVAILABILITY

11.3.1.1 OBJECTIVE

To determine the inherent availability (Ai) of the test item
as an estimate of the population availability.

11.3.1.2 DATA REQUIRED

Tt, f, and RT's.

11.3.1.3 PROCEDURE

a. Compute KTBF (see paragraph 10.2.1.1.3, page 134).

b. Compute the mean time to repair (MTTR) as follows:

(1) Sum the RT's (ERT).
(2) Divide step (1) by f.

c. Compute Ai as follows:

(1) Add step a to step b.
(2) Divide step a by step (1).

d. Conclude that the inherent availability of the sample is
loo(½)Z.
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11.3.1.4 EXAMPLE CHANG

Given:
i I Sample data at Table A-7b, page 1-26.

* Procedure: Example:

a. Compute: a. MTBF - 109.8/3
Tt - 36.600 hours

MTBF -

b. Compute: b. MTTR - 4.8/3

MTTR W rRT - 1.600 hours per
f failure

c. Compute: c. Ai 36.600
36.600+1.600

A, MTBF 36.600
MTBF+MTTR 3

- .95811

- .958

d. Conclude that the inherent d. Conclude that the inherent
availability of the sample is availability of the sample is
l00(Ai)%. 95.8%.

11.3.1.5 ANALYSIS

Ai is the probability that a system or equipment, when used
under stated conditions without consideration for any scheduled or pre-
ventive maintenance in an ideal support environment; i.e., when all tools,
parts, manpower, and manuals are available, will operate satisfactorily
at any given time. Ai excludes ready time, preventive maintenance
downtime , supply downtime, and waiting or administrative downtime. Ai is a
prediction of the population inherent availability.
11.3.2 ACHIEVED AVAILABILITY

11.3.2.1 OBJECTIVE

To determine the achieved availability (Aa) of the test item.

11.3.2.2 DATA REQUIRED

Tt, MA, and AMT.

11.3.2.3 PROCEDURE

a. Divide Tt by MA to obtain the mean time between maintenance
(MTBM)

b. Compute • as follows:

(1) Sum the AMT's.
(2) Divide step (1) by ,A.
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c. Compute As as follows:

(1) Add step a and stop b.
(2) Divide step a by step (1).

d. Conclude that the achieved availability of the sample
is 10o(Aa)%.

U1.3.2.4 EXAMPLE

Given:
Sample data at Table A-7b, page 1-26.

Procedure: Example:

a. Compute: a. WrIM - 109.8/7
Tt - 15.686

MTBM -
MA - 15.7 hr. per MA

b. Compute: b. 9 - 6.8/7

EAMqT - .971

MA - .97 Active maint-
enance time per MA

c. Compute: c. As 15.686

A a- WrB 15.686+. 971

Aa = R 15.686

16.657

- .941706

*.94

d. Conclude that the achieved d. Conclude that the achieved
availability of the sample is availability of the sample is 94%.
100(Aa)Z.

11.3.2.5 ANALYSIS

A8 is the probability that a system or equipment, when used
under stated conditions in an ideal support envirovment, will operate
satisfactorily at any given time. As is the sample's achieved availability
and excludes supply downtime and waiting or admini:strative downtime.

11.3.3 OPERATIONAL AVAILABILITY

11.3.3.1 OBJECTIVE

To determine the operational availability (A0 ) of the test item.

11.3.3.2 DATA REWUIRED

Tt, HA, AMT, and delay time (supply and administrative downtime).
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i1.3.3.3 PROCEDURE

a. Compute MTBM (see paragraph 11.3.2.3, page 159).

b. Sum the AMT's and the delay time.

c. Divide step b by MA to obtain the mean downtime (MDT).

d. Compute AO as follows:

(1) Add step a and step c.
(2) Divide step a by step (1).

e. Conclude that the operational availability of the sample
in a test support environment is 100(Ao)%.

11.3.3.4 EXAMPLE
Given:
Sample data at Table A-7b, page 1-26.

Procedure: Example:

a. Compute: a. MTBM - 109.8/7
Tt - 15.686MTBM,.- --

- 15.7 hrs. per MA

b. Compute: b. AmT - 6.8
EAMT

£ delay time = 8.8Z delay time

c, Compute: EAMT + E delay time a6.8 + 8.8 =

D AT- TT+Z delay time 15.6
MA c. MBT 7

- 2.228

- 2.23 hrs. per down
,d. Compute: d. Ao " 15.686

MTBMAM 15.686
17.914

- .875628

-. 876

e. Conclude that the operational e. Conclude that the operational
availability of the sample in a availability of the sample in a
test support environment is test support environment is 87.6%.
lOO(Ao)%.
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-• 11.3.3.5 ANALYSIS

Ao is the probability that a system or equipment, when used

under stated conditions in a real support environment, will operate
satisfactorily at any given time. Ao includes ready time, maintenance
downtime, preventive maintenance downtime, supply downtime, and waiting
or administrative downtime.
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TABLE A-la

BiLVARIATE zv0RMAL DISTRIBUTION RAW DATA

READING NUMBER EASIG NRHN

1 2500 3218

2 2601 3305

3 2575 3279

4 2581 3221

5 2560 3250

6 2590 3261

7 2565 3249

8 2575 3250

9 2560 3239

10 zs80 3251

ii 2576 3270

12 2553 3251

13 2550 3280

14 2570 3245

15 2549 3278

TABLE A-lb

BIVARIATE NORmAL, DISTRIBUTION GROUPED DATA

Ln/

C4 C 4 C

o4 0 V4 0

TOTAL
.JORTH

3300-3319 11

3280-2399 11

3260-3279 1 2 1 14

3240-3259 1 4 1 6

322G-3239 1 1 2

3200-3219 1

TOTAL 1 0 3 7 3 1

J • 3-1-oo

____ ___ ___10----une- 19.' - -
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TABLE A-2a

MEAN

TEST:

Prepare for action under daylight condition.

TIME
(minutes)

89.3 2.883 8.312

90.4 3.983 15.864

86.0 -. 417 .174

83.6 -2.817 7.936

84.4 -2.017 4.068

86.1 -. 317 .100

86.0 -. 417 .174

88.0 1.583 2.506

86.7 .283 .080

87.4 .983 .966

86.1 -. 317 .100

83.0 -3.417 U1.676

N - 12

S- 86.417

, 86.4 min.
E62 - 51.9567

92 4.723

s 2.173

- 2.2 min.

1
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TABLE A-5b

PE: STANDARD DEVIATION

READING NUMBER READING &2 J

"(meters)

1 1248 -10.00 100.0

2 1100 -158.00 24,964.0

3 1260 2.00 4.0

4 1300 42.00 1,764.0

5 1260 2.00 4.0

6 1234 -24.00 576.0

7 1287 29.00 841.0

8 1275 17.00 289.0

9 1290 32.00 1,024.0

10 1280 22.00 484.0

11 1225 -33.00 1,089.0

12 1325 67.00 4,489.0

13 1223 -35.00 1,225.0

14 1299 41.00 1,681.0

15 1268 10.00 100.0

16 1254 -4.00 16.0

N 16

- 1258.00

- 1258 meters

ZA2 - 38,650.0

s2 - 2,576.67

a - 50.76

- 51 meters
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S 1 TABLE A-Sc

pE SUCCESSIVE DIPPERENCES

READING NUMBE REDN Xd X1
1=(motors)

1248

2 U00 148 21,904

3 1260 -160 25,600

4 1300 -40 1,600

5 1260 40 1,600

6 1234 26 676

7 1287 -53 2,809

8 1275 12 144

9 1290 -15 225

10 1280 10 100

11 1225 55 3,025

12 1325 -100 10,000

13 1223 102 10,404

14 1299 -76 5,776

1268 31 961

16 1254 14 196

N .16

S X2 - 85,020

-S - 5,668.00
d

s d - 75.29

1 a 75

1-14
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TABLE A-5f continued

READINIG IUAMER NA 122

1 46530 -268.71 72,205

2 46516 -282.71 79,925
4 45971 -827.71 685,104

5 46831 32.29 1,043

6 46972 173.29 30,029

7 47015 216.29 46,781

8 46505 -293.71 86,266

9 47230 431.29 186,011

10 46993 194.29 37,749

11 47020 221.29 48,969

12 47044 . 245.29 60,167

1-3 46845 46.29 2,143
14 46570 -228.71 52,308

15 47140 341.29 116,479

NI - 14

NORTH - 46798.71

- 46799

ZAN2 - 1,505,179

s8 - 115,783.0
N

a ,, 340.27

" 340

TABLE A-6a

SEQUENTIAL TESTING: SUCCESS - FAILURE

FAILURE SAMPLES TESTED COORDINATES

1 30 (30,1)
2 75 (75,2)

3 110 (110,3)
4 160 (160,4)
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TABLE A-6&

COMBINED RELIABILITY

COMPONENT SAMPLE

NUMBER SIZE FAILURES

1 90 2

2 90 4

3 45 1

4 45 3

01

1i
I

I

4

I

I .r

Ii
I
I
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TABLE B-7 continued

PERCENTILES O0 THE x2 DISTRIBUTION

d. .40 .30 .25 .20 .10 .05 .025 .01 .005 .001 .OOC5

81 83.6 87.2 89.2 91.5 97.7 103.0 107.8 113.5 117.5 126.1 129.5

82 84.6 88.2 90.2 92.5 98.8 104.1 108.9 114.7 118.7 127.3 130.8

83 85.6 89.2 91.3 93.6 99.9 105.3 110.1 115.9 119.9 128.6 132.0

84 86.6 90.3 92.3 94.7 101.0 106.4 111.2 117.1 121.1 129.8 133.3

85 87.7 91.3 93.4 95.7 102.1 107.5 112.4 118.2 122.3 131.0 134.5

86 88.7 92.4 94.4 96.8 103.2 108.6 113,5 119.4 123.5 132.3 135.8

87 89.7 93.4 95.5 97.9 104.3 109.8 114.7 120.6 124.7 133.5 137.0

88 90.7 94.4 96.5 98.9 105.4 110.9 115.8 121.8 125.9 134.7 138.3

89 91.7 95.5 97.6 100.0 106.5 112.0 117.0 122.9 1L7.1 136.0 139.5

90 92.8 96.5 98.6 101.1 107.6' 113.1 118.1 124.1 128.3 137.2 140.8

91 93.8 97.6 99.7 102.1 108.7 114.3 119.3 125.3 129.5 138.4 142.0

92 94.8 98.6 100.7 103.2 109.8 115.4 120.4 126.5 130.7 139.7 143.3

93 95.8 99.6 101.8 104.2 110.9 116.5 121.6 127.6 131.9 140.9 144.5

94 96.8 100.7 102.8 105.3 111.9 117.6 122.7 128.8 133.1 142.1 145.8

95 97.9 101.7 103.9 106.4 113.0 118.8 123.9 130.0 134.2 143.3 147.0

96 98.9 102.8 104.9 107.4 114.1- 119.9 125.0 131.1 135.4 144.6 148.2

97 99.9 103.8 106.0 108.5 113.2 121.0 126.1 132.3 136.6 145.8 149.5

98 100.9 104.8 107.0 109.5 116.3 122.1 127.3 133.5 137.8 147.0 150.7

99 101.9 105.9 108.1 110.6 117.4 123.2 128.4 .134.6 139.0 148.2 151.9

100 102.9 106.9 109.1 111.7 118.5 124.3 129.6 135.8 140.2 129.4 133.2

For larger degrees of freedom:

-= 2. + 2(d.f. -1)2 approximately, where d.f. - degrees

of freedom and 30 is given in Table B-4.
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MTP 3-1-005
1 March 1972

TAALK 5-0

"FUCUIILIS O Toi F D0ST1tIUTIONi

SF. so

S1 2 3 4 .6 7 a 9 10 12 IS

1 1.00 1.50 1.71 1.32 1.89 1.94 1.98 2.00 2.03 2.04 2.07 2.09

2 .647 1.00 1.13 1.21 1.25 1.25 1.30 1.32 1.33 1.34 1.36 1.38

3 .545 .851 1.00 1.06 1.10 1.13 1.15 1.16 1.17 1.18 1.20 1.21

4 .549 .825 1941 1.00 1.04 1.06 1.08 1.09 1.10 1.11 1.13 1.14

5 .528 .799 .907 .965 1.00 1.02 1.04 1.05 1.06 1.07 1.09 1.10

6 .515 .780 .886 .942 .977 1.00 1.02 1.03 1.04 1.05 1.06 1.07

7 .504 .767 .871 .926 .960 .983 1.00 1.01 1.02 1.03 1.06 1.05

8 .699 .757 .860 .915 .948 .971 .948 1.00 1.01 1.02 1.03 1.0'

9 .694 .749 .852 .904 .939 .962 .970 .990 1.00 1.01 1.02 1.03

10 .490 .743 .845 .899 .932 .954 .971 .983 .992 1.00o 1.010 1.021

11 .486 .739 .840 .893 .926 .948 .964 .977 .986 .996 1.004 1.015

12 .484 .735 .835 .888 .921 .9%3 .959 .972 .981 .989 1.000 1.010

13 .482 .733 .832 .884 .917 .939 .958 .9%9 .978 .983 .995 1.006

14 ..480 .730 .829 .881 .914 .936 .955 .966 .974 .981 .992 1.003

15 .478 .726 .826 .878 .911 .933 .948 .960 .970 .977 .989 1.000

16 .677 .724 .824 .876 .90 .930 .945 .959 .969 .975 .906 .997

17 .476 .723 .822 .874 .906 .928 .942 .958 .9*6 .973 .904 .994

13 .474 .722 .820 .872 .906 .926 .940 .956 .964 .971 .911 .992

19 .473 .720 .18s .870 .902 .924 .939 .953 .962 .969 .960 .990

20 .472 .718 .816 .386 .900 .922 .938 .950 .959 .966 .977 .909

21 .471 .717 .515 .864 .899 .921 .935 .949 .958 .966 .976 .937

22 .670 .716 .814 .865 .897 .919 .934 .948 .957 .95 .975 .986

23 .469 .715 .813 .164 .895 .918 .933 .946 .956 .963 .974 .954

24 .469 .714 .512 .863 .895 .917 .932 .916 .953 .961 .972 .983

25 .489 .713 .811 .862 .594 .916 .931 .943 .952 .981 .971 .982

26 ,4 .712 .510 .861 ."3 .915 .930 .942 .9W .940 .970 .981

27 .66 .711 .809 .360 .592 .914 .929 .%41 .950 .959 .970 .980

28 .467 .710 .809 .859 .891 .916 .928 .940 .950 .958 .969 .979

29 .44 .709 .808 .859 .891 .913 .927 .940 .949 .953 .968 .978

30 .466 .709 .807 .855 590 .912 .927 .939 .948 .95 .96 .978

60 .683 .705 .802 .854 .885 .907 .922 .934 .963 .950 .961 .972

50 .462 .703 .800 .551 .883 .904 .918 .931 .960 .968 .959 .969

60 .461 .701 .798 .849 .550 .9"1 .917 .925 .937 .945 .956 .967

70 - - - .846 .879 .900 .915 .927 .936 .945 .955 .965

s0 - - .847 .878 "99 .914 .926 .935 .94 .954 46

90 - - - .846 .477 .896 .913 .925 .934 .963 .953 .963

10 - - - .865 .876 .897 .912 .924 .931 .942 .952 .962

120 .658 .697 .793 .864 .875 .896 .912 .923 .932 .939 .950 .961

500 .455 .693 .789 .839 .870 .891 .907 .919 .928 .937 .967 .950

-See lot* on pege 2-34.
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MTP 3-1-005
1 March 1972

TAM.Z 3- o c Onued

1U•TU.Zm or Tfl F DISTRIBUTION
1 .99

20 25 3., 40 SO 60 70 80 90 100 120 500

4.f.2 1 6209 6235 6261 6287 6300 6313 - - - 6339 6366

2 99.45 99.46 99.47 99.47 99.46 99.46 . . . . 99.49 99.50

3 26.69 26.60 26.50 26.41 26.37 26.32 . . . . 26.22 26.13

4 14.02 13.93 13.84 13.75 13.70 13.65 . . . . 13.56 13.46

S 9.55 9.47 9.38 9.29 9.25 9.20 - - - 9.11 9.02

a 7.40 7.31 7.23 7.14 7.10 7.06 - - - 6.97 6.88

7 6.16 6.07 5.99 5.91 5.87 5.82 5 - 5.74 5.65

8 5.36 5.28 5.20 5.12 5.08 5.03 - - 4.95 4.86

9 4.81 4.73 4.65 4.57 4.53 4.48 * 4.40 4.31

10 4.41 4.33 4.:5 4.17 4.16 4.08 4.10 4.08 4.07 4.06 4.00 3.97

21 4.10 4.02 3.94 3.86 3.84 3.78 3.78 3.77 3.75 3.74 3.69 3.66

12 3.86 3.78 3.70 3.62 3.59 3.54 3.54 3.52 3.50 3.49 3.45 3.41

13 3.66 3.59 3.51 3.43 3.39 3.34 3.33 3.32 3.30 3.29 3.25 3.21

1!. 3.51 3.43 3.35 3.27 3.23 3.18 3.17 3.15 3.14 3.13 3.09 3.04

15 3.37 3.29 3.21 3.13 3.09 3.05 3.03 3.02 3.00 2.99 2.96 2.90

16 3.26 3.18 3.10 3.02 2.96 2.93 2.92 2.90 2.88 2.87 2.84 2.79

17 3.16 3.08 3.00 2.92 2.88 2.83 2.82 2.80 2.78 2.77 2.75 2.69

18 3.08 3.00 2.92 2.84 2.79 2.75 2.73 2.71 2.70 2.69 2.66 2.60

19 3.00 2.92 2.84 2.76 2.71 2.67 2.65 2.64 2.62 2.61 2.58 2.52

20 2.94 2.86 2.78 2.69 2.65 2.61 2.59 2.57 2.55 2.54 2.52 2.45

21 2.88 2.80 2.72 2.64 2.59 2.55 2.53 2.51 2.49 2.48 2.46 2.39

22 2.83 2.75 2.67 2.58 2.53 2.50 2.47 2.45 2.44 2.43 2.40 2.33

23 2.78 2.70 2.62 2.54 2.49 2.45 2.42 2.40 2.39 2.38 2.35 2.28

24 2.74 2.66 2.58 2.49 2.44 2.40 2.38 2.36 2.34 2.33 2.31 2.24

25 2.70 2.62 2.54 2.45 2.40 2.36 2.34 2.32 2.30 2.29 2.27 2.20

26 2.66 2.59 2.50 2.42 2.37 2.33 2.30 2.28 2.27 2.25 2.23 2.16

27 2.63 2.55 2.47 2.38 2.33 2.29 2.27 2.25 2.23 2.22 2.20 2.12

28 2.60 2.52 2.44 2.35 2.30 2.26 2.24 2.23 2.20 2.19 2.17 2.09

29 2.57 2.49 2.41 2.33 2.27 2.23 2.21 2.19 2.17 2.16 2.14 2.06

30 2.55 2.47 2.39 2.30 2.25 2.21 2.18 2.16 2.15 2.13 2.11 2.03

40 2.37 2.27 2.20 2.11 2.06 2.02 1.99 1.97 1.95 1.94 1.92 !A3

so 2.26 2.16 2.10 2.41 1.95 1.91 1.88 1.86 1.84 1.83 1.80 1.71

60 2.20 2.10 2.03 1.94 1.88 1.84 1.81 1.78 1.76 1.75 1.73 1.63

70 2.15 2.05 1.98 1.89 1.83 1.78 1.75 1.73 1.71 1.70 1.67 J.57

80 2.11 2.01 1.94 1.85 1.79 1.75 1.71 1.69 1.67 1.65 1.63 1.53

90 2.08 1.99 1.92 1.82 1.76 1.72 1.68 1.66 1.64 1.62 1.60 1.49

100 2.06 1.97 1.85 1.80 1.74 1.69 1.66 1.63 1.61 1.60 1.57 1.47

120 2.03 1.93 1.86 1.76 1.70 1.66 1.62 1.60 1.58 1.56 1.63 1.42

500 1.91 1.81 1.74 1.63 1.57 1.52 1.48 1.45 1.43 1.41 1.38 1.23
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""�*� P 3-1-005
10 June 19T4
CRANGI 1

• NOTE: The tables for F. 8 0 and F. 8 5 were generated using the

formula F V a2v where:

rZ2
a - 3

6

h (2.f. 2 1 d.f 1 -

* I" ( 1.f-1 f- d.f7) (A + -

The approximation is accurate enough for practical uses

when d.f., and d.f. 2 a.10. However, the formula has been

used for d.f. 1 <-10 and d.f. 2 < 10 for F. 8 0 and F. 8 5 because

4 no tables were available.

Values other than the ones found in the standard F tables

were also supplied using the above formula where possible and

if not possible, dashes were left, e.g., F. 9 0, (80, 2) -

In the event of a dash occurring, use the smaller d.f. which

appears in the table for computation purposes; e.g., use

F-90 , (60, 2) " 9.47 for F. 9 0, (80, 2).
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MEP 3-1-005
10 June 1974
CNAN G I

TAMS m-

FAC?0T= M COM0TT MW-8lO3 COV DUSCZ LMIS FOX a

j 5',,rs.. e*.° 05 **-.O1 • o.001

.00

1 17.79 .3576 84.31 .2909 844.4 .2480

2 4.•19 .431 10.70 .3879 33.29 .3291

1 3.183 .5178 3.449 .4435 11.65 .3824

9 2.547 .$590 3.892 .4845 6.938 .4218

, 2.248 .5899 3.175 .3182 3.085 .4529

* 2.052 .6143 2.764 .5437 4.128 .4784

7 1.918 .6344 2.46 .5560 3.331 .5000

S 1. 820 .6513 2.311 .5830 3.197 .5186

9 1.744 .9457 2.173 .5947 2.894 .5314

10 1.606 .678" 2.065 .U23 2.489 .5492

11 1.638 .8490 1.980 .6414 2.530 .5621

12 1.395 .699S 1.909 .6358 2.402 .5738

13 1.564 .7084 1.051 .6458 2.29 .5845

14 1.534 .7166 1.601 .6549 2.210 .5942

1S 1. 509 .7240 1.738 .9432 2. 136 .6032

19 1.484 .7308 1.721 .6710 2.073 .6116

17 1.464 .7372 1. 8u .6781 2.017 .6193

is 1.448 .7430 A8 .6844" 1.948 .62"4

19 1.432 .746 1.632 .6909 1.925 .6333

20 1.417 .7535 1.909 .44 1.88a .6397

21 1.409 .7582 1.187 .7022 1.851 .6457

22 1.39L .7627 1.548 .707A 1.820 .6514

23 1.380 .7949 1.530 .; U2 1.791 .6548

24 1.370 .7709 1.533 .7169 1.765 ."419

23 1.360 .7747 1.518 .7212 1.741 .64"8

26 1.331 .7793 1.504 .7253 1.719 .6713

27 1.343 .7017 1.491 .7293 1.698 .6753

29 1.335 .7849 1.479 .7331 1.679 .600

29 1.327 .78m0 1. 47 .7367 1.641 .6441

30 1.321 .790 1.457 .7401 1.645 .6880

31 3.214 .7937 1.4.47 .7434 1.629 .6917

32 1.308 .7944 1.437 .7467 1.615 .6953

33 1.302 .7940 1.428 .7497 1.601 .6987

34 1.2%, .8013 1.420 .7526 1.180 .7020

35 1.291 .00" 1.412 .7S54 1.376 .7052

36 1.28 .8042 1.404 .7612 1.5"4 .7083

37 1.21 .-am 1.397 .7633 1. 353 .7113

39 1.277 .8106 1.397 .7333 1.3543 .7141
39 1. 272 .8126 1.•383 .7658 1.5 33 .7169

40 1.264 .8146 1. 377 .7641 l,.523 .7197

41 1.264 .8164 1.371 .7705 1.515 .7223

42 1.260 .814 1.365 .7727 1.509 .7268

43 1.257 .8202 1.360 .7748 1.496 .7273

44 1.253 .8220 1.355 .7799 1.490 .7279

45 1.299 .6237 1.349 .7789 1.422 .7320

46 1.244 .82%3 1.345 .7809 1.475 .7342

47 1.243 .8329 1.340 .7628 1.448 .7344

68 1.290 .8235 1.335 .7847 1. "2 .7386

48 1.237 .8300 1.331 .764 1.433 .7407

50 1.234 .8814 1.327 .7882 1.444 . .7427

MO4pted lwLth pemi1ioft frotu lo.mtriuk. Vol. 47, (1960), frm article entitled "Table for
.4&kinl oIferet'c.. Ab4.t the Variance of a lotUl Dis~tibu3tion" by 0. V. LAdIv,. D.A. aist.
an, ,.A. kaltas
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MTP~ 3-1-005
1 March 1972

?ANJ 6.9 Uamd

51 1.232 .6329 1.323 .7m9 1."3) .7486

52 1. 22 .8363 1. 119 ."936 1.437 .764"

33 1.226 .6354 1.3us .7932 1.432 .7485

34 1.226 .8370 1.311 .99 1.63" .7303

is 1.221 .8&X3 1.30B .766 1.2 .7921

56 1.219 .8393 1.306 .?m7 L1.61 .71339

5 1 1.217 .&W0 1.301 .96 1.611 .7334

SO 1.21 .6620 1.1 ."00 A.6LW .7973

59 1.12L .8431 1.2m .8012 1.60= .7386

40 1.2W0 .OW 1.2m .4034 1. "1 .7603

81 1.209 .6634 1.289 Me00 1.m .7621

62 1.20 .643s 1.286 .8M 1.389 .7636

63 1.206 ."Is5 1.283 .8076 1.265 .7051

66 1.202 .66m 1.28 .Am6 1.361 .746"

63 1.200 .6 1.277 .810 1.377 .7680

64 1.1"9 .650 1. 27 .61W. 1.376 .7666

67 1.197 .8516 1.272 .&12" 1.376 .770

46 1. 19" .83 1.270 .6137 1.346 .7722

69 1. 196 .83 L.2m .8168 1.343 .7735

70 1.19n .254 1.263 .819 1.344 .7749

71 1.189 .8333 1.263 .4176 1.356 76

72 1.26 .83Am 1.261 .6K1 1.353 .774

73 1.187? .6371 1.259 .6191 1.330 .977

76 1. 1* .a3m 1.257 Am20 1.367 .79

73 1.1.6 .8589 1.235 .6111 1.366 .7611

76 1.18 .85a4 1.233 .822 1.341 .7322

77 L.I8 .A"0 1.i51 .1132 1.336 .7836

7: 1.161t .6612 1.249 .6262 1.336 .766s

79 1.179 .8620 1.247 .8252 1.333 .78391

60 1.176 .627 1.245 .8261 1.330 .7848

a81 1.176 .835 1.263 .8270 1.32n .7176

82 1.176 .642 1.261 .8879 1.325 .7689

63 1.176 ."So0 1.239 .8286 1.323 .71t9

66 1.173 .8637 1.236 .6297 1.320 .790

85 1.172 .846" 1.236 .6)05 1. 318 .7922

86 1.171 .8471 1.233 .6316 1.316 .7930

87 1.170 .8476 1.233 .6)22 1.313 .7939

86 1.16 .a66 1.231 .8331 1. 31.1 .7949

69 1.167 .4691 1.230 .6336 1.309 .795o

40 1.16 69 1.226 .8364 1.307 .74

41 1.169 .6706 1.227 .8336 1.305 .7977

-. 92 1. 1" .8710 1.223 .6341 1.303 .7967

93 1. 10 .8716 1.226 .6370 1.301 .7998

96 1.162 .8722 1.222 .6377 1.216 .6006

99 1.161 .8729 1.221 .6363 1.297 .8013

94 1.160 .0734 1.219 Am)9 1.293 .8032

97 1.159 .$761 1.218 .6599 1.293 .8031

98 1,156 .8766 1.217 .840" 1.291 .8039

99 1.156 .8732 1.216 .6812 1.290 .806

100 1.137 .8737 1.214 .6620 128 .m0s
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MTP 3-1-005

1 March 1972

TABLE B-13 continued

CONFIDENCE LIMITS FOR A PROPORTION (TWO SIDED)

n -29 N - 30

902 95Z 99? f 90% 95% 99%

11 .225- .537 .211 .587 .165+ .646 11 .219 .524 .205+ .560 .152 .612
12 .276 -37-5+ .247 .626 .206 .654 12 .265- .554 .236 .59 .198 .653+
13 .294 .- T- .251 W .211 7 in .266 3 .244 7 .206 .V-T
14 .303 93+ .299 T.9 .260 = 14 .295- 762Z .292 AZ -ý+ .249 .692
15 .345- .697 .339 .701 .263 .740 15 .336 .664 .324 .676 .256 .744

16 .385+ .706 .340 .749 .316 .789- 16 .376 Z .325- .708 .308 .751
17 .425- .724 .374 .753 .346 .794 17 .416 .734 .364 .756 .329 .794
18 .463, .775+ .413 M.78 .354 .35'- 18 .446 l .403 .764 .345- .802
19 .500 .810 .451 UL16 .397 843 19 .476 M.71 .440 M.95- .388 .848
20 .537 .811 .500 .834 .438 .868 20 .508 .U17 .476 j82- .430 Uj

21 .575+ U .549 .264 .477 .892 21 .545- hJU. .524 JI.8 .462 M87.
22 .615- 161 .587 ,J8L .523 .21. 22 .584 .J70 .560 .JA .495- .m96
23 .655+ .913 .626 .UL .562 9.5.- 23 .624 .87L .597 .90 .531 UL
.4 .697 UA. .660 -=L .603 -JUL 24 .664 -. 1L. .636 -i .570 .U3.
25 .721 -U2L .701 .U51. .646 JRM 25 .705+ -.917 .675+ .22 .612 .'&

2b .775+ .961 .749 .971 .684 .985- 26 .734 .941 .708 .952 .655+ .972
- .810 .982 .789 .988 .737 .995- 27 .781 .963 .756 .972 .690 .985+
'3 .865+ .996 .834 .998 .789 1.000 28 .817 .982 .795- .988 .744 .995-
-,"9 .913 k .897 . .840 1 29 .870 .996 .837 .998 .794 1.000

30 .916 L .900 L .848 1.
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)TP 3-1-005
10 June 197T
CIAJU 1

TAILZ 3-14

CONVIDWO LDaITS 1M A PROPtO1ION (011-SDID)

If the observed proportion it fin, enter the table with 9 and f for en upper
ome-aided limit. Yor a lmar one-sided limit, entre the table with N and

f - A and eubtract the table entry from 1.

UI f I1 I I 5 zf I
n - 2 ne 3 n 4

0 .684 .776 .900 01 .36 .632 .785- 0 .438 .527 .648
1 .949 .975- .995- 1 .804 .865- .941 1 .680 .751 .859

2 .965+ .983 .997 2 J 857 .902 .958
3 .974 .957 .67

0 .369 .451 .602 0 .319 .393 .533- 0 .28M .348 .482
1 .584 .657 .775 1 .510 .582 .7065 1 .453 .521 .643

2 .753 .811 .89 2 .667 .729 .827 2 .596 .659 .764
3 .888 .924 .967 3 .799 .847 .915+ 3 .721 .775- .858
4 .979 .990 .. 998 4 .907 .937 .973 4 .830 .871 .929

5 .983 .991 .998 5 .921 .947 .977

6 .985+ 1 993 •999

a - a -9 a -10

0 .250 .312 .438 0 .226 .283 .401 3 .206 .239 .369
1 .406 .471 .590 1 .368 .429 .543 1 .337 .394 .504
2 .538 .600 .707 2 .490 .550 .656 2 .450 .507 .612
3 .655+ .711 .802 3 .599 .655+ .750 3 .552 .607 .703
4 .760 .807 .879 4 .699 .749 .829 4 .646 .696 .782
S .853 .889 .939 5 .790 .831 .895- 5 .733 .778 .850

6 .931 .954 .980 6 .871 .902 .947 6 .812 .850 .907
7 •987 .996 .999 7 .939 .959 .903 7 .884 .913 .952

8 .9N8 .994 .999 8 .945+ .963 .984
9 .990 .995- .9"9

a - 11 a -, 12 a 13

0 .189 .238 .342 0 .175- .221 .319 0 .162 .206 .298
1 .310 .364 .470 1 .287 .339 .440 1 .2" .316 .413
2 .415+ .470 .572 2 .386 .438 .537 2 .360 .410 .506
3 .511 .564 .660 3 .475+ .527 .622 3 .41. .- 95- .588
4 .599 .650 .738 4 .559 .609 .698 4 .523 .573 .661
5 .682 .729 .806 5 .638 .685- .765+3 5 .598 .645+ .727

6 .759 .800 .866 6 .712 .755- .825+ 6 .669 .713 .787
7 .831 .865- .916 7 .781 .819 .879 7 .736 .776 .841
8 .895+ .921 .957 8 .846 .877 .924 8 .799 .834 .889
9 951 .967 .986 9 .904 .928 .961 9 .858 ."7 .931

10 .990 .995+ .999 10 .955- .970 .987 10 .912 .934 .964

11 .991 .996 .999 11 .758 .972 .988
12 .992 .99 .999

-7- - 1 - - 16

S.152 .193 .280 0 .142 .181 .264 0 .134 .171 .250
.231 .297 .389 1 .236 .279 .368 1 .222 .264 .349

2 .837 .385" .478 2 .317 .363 .453 2 .300 .344 .430
3 .417 .466 .557 3 .393 .440 .529 3 .371 .417 .503

.492 .540 .627 4 .464 .511 .597 4 .439 .484 .569
5 .563 .610 .692 5 .532 .577 .660 5 .504 .548 .630

leproduced by permission from Statistics Manual, NAVORD RL.PORT 3369. MTS 94%8, by

*.L. Crow, P.A. Davis. and N.W. Muafiald, 1955, U.S. Nava.l Ordnance Teat Station,

China Lake. California.
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ITP 3-1-005

10 June 1974

CHANGE

TABLE B-14 continued

CONFIDENCE LIMITS FOR A PROPORTION (ONE-SIDED)

f £ 90% 95% 99%

- - 29 n - 30

0 .076 .098 .147 0 .074 .095+ .142
1 .128 .153 .208 1 .124 .149 .202
2 .173 .202 .260 2 .168 .195+ .252
3 .216 .246 .307 3 .209 .239 .298
4 .257 .288 .350 4 .249 .280 .340
5 .297 .329 .392 5 .287 .319 .381

6 .335- .368 .432 6 .325- .357 .420
7 .372 .406 .470 7 .361 .394 .457
8 .409 .443 .507 8 .397. .430 .493
9 .445+ .479 .542 9 .4-32 .465+ .527

10 .48k .514 .577 10 .466 .499 .561

11 .515+ .549 .610 11 .500 .533 .594
12 .550 .583 .643 12 .533 .566 .626
13 .583 .616 .614 13 .566 .598 .657
14 .616 .648 .705- 14 .599 .630 .687
15 .649 .680 .734 15 .630 .661 .716

16 .681 .711 .763 16 .662 .692 .744
17 .712 .741 .791 17 .692 .721 .772
18 .743 .771 .818 18 .723 .750 .799
19 .774 .800 .843 19 .752 .779 .824
20 .803 .828 .868 20 .782 .807 .849

21 .832 .855- .892 21 .810 .834 .873
22 .860 .881 .914 22 .838 .860 .896
23 .888 .906 .935- 23 .865+ .885+ .917
24 .914 .930 .954 24 .891 .909 .937
25 .938 .951 .970 25 .917 .932 .955+

26 .961 .971 .985- 26 .941 .953 .972
27 .982 .988 .995- 27 .963 .972 .985+
28 .996 .998 1.000 28 .982 .988 .995-

29 .996 .998 1.000
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TAILE B-15

TABLE OF ARC SINE TRANSFORMATION FOR PROPORTIONS

-e 2 are sin I
e P e P e P e

.00 .00 .25 1.05 .50 1.57 .75 2.09

.01 .20 .26 1.07 .51 1.59 .76 2.12

.02 .28 .27 1.09 .52 1.61 .77 2.14

.03 .35 .28 1.12 .53 1.63 .78 2.17

.04 .40 .29 1.14 .54 1.65 .79 2.19

.05 .45 .30 1.16 .55 1.67 .80 2.21

.06 .49 .31 1.18 .56 1.69 .81 2.24

.07 .54 .32 1.20 .57 1.71 .82 2.27

.08 .57 .33 1.22 .58 1.73 .83 2.29

.09 .61 .34 1.25 .59 1.75 .84 2.32

.10 .64 .35 1.27 .60 1.77 .85 2.35

.u1 .68 .36 1.29 .61 1.79 .86 2.37

.12 .71 .37 1.31 .62 1.81 .87 2.40

.13 .74 .38 1.33 .63 1.83 .88 2.43

.14 .77 .39 1.35 .64 1.85 .89 2.47

.15 .80 .40 1.37 .65 1.88 .90 2.50

.16 .82 .41 1.39 .66 1.90 .91 2.53

.17 .85 .42 1.41 .67 1.92 .92 2.57

.18 .88 .43 1.43 .68 1.94 .93 2.61

.19 .90 .44 1.45 .69 1.96 .94 2.65

.20 .93 .45 1.47 .70 1.98 .95 2.69

.21 .95 .46 1.49 .71 2.00 .96 2.74

.22 - .98 .47 1.51 .72 2.03 .97 2.79

.23. 1.00 .48 1.53 .73 2.05 .98 2.86

.24 1.02 ,.49 1.55 .74 2.07 .99 2.94
1.00 3.14
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TABLE B-21

FACTORS FOR DETERMINING UPPER CONFIDE:.'2E LU.4LT
FOR THE EXPONENTIAL MEAN LIFE

d.f. .75 .80 .90 .95 .975 .99

1 3.478261 4.484305 9.478673 19.417476 39.525692 99.502488
2 2.083333 2.424242 3.773585 5.625879 8.264463 13.468013
3 1.739130 1.954397 2.727273 3.658537 4.838710 6.880734
4 1.577909 1.742919 2.292264 2.930403 3.669725 4.848485
5 1.483680 1.618123 2.053388 2.538071 3.076923 3.906250

6 1.421801 1.536492 1.904762 2.294455 2.727273 3.361344
7 1.372549 1.478353 1.797176 2.130898 2.486679 3.004292
8 1.344538 1.428571 1.718582 2.010050 2.315485 2.753873
9 1.313869 1.395349 1.651376 1.916933 2.187120 2.567760

10 1.290323 1.369863 1.612903 1.834862 2.085506 2.421308

11 I.279070 1.349693 1.571429 1.788618 2.000000 2.306080
12 1.263158 1.325967 1.528662 1,739130 1.935484 2.201835
13 1.250000 1.313131 1.502890 1.688312 1.884058 2.131148
14 1.233*80 1.296296 1.481481 1.656805 1.830065 2.058824
15 1.224490 1.282051 1.456311 1.621622 1.785714 2.000000

16 1.212121 1.274900 1.434978 1.592040 1.748634 1.951220
17 1.205674 1.263940 1.416667 1.566820 1.717172 1.910112
18 1.200000 1.254355 1.406250 1.545064 1.690141 1.875000
19 1.191225 1.245902 1.391941 1.526104 1.679389 1.835749
20 1.186944 1.238390 1.374570 1.509434 1.639344 1.801802

21 1.179775 1.228070 1.363636 1.494662 1.615385 1.772152
22 1.176471 1.222222 1.353846 1.476510 1.594203 1.752988
23 1.170483 1.216931 1.345029 1.464968 1.575342 1.722846
24 1.167883 1.212121 1.337047 1.450151 1.558442 1.702128
25 1.162791 1.207729 1.326260 1.436782 1.543210 1.683502

26 1.158129 1.200924 1.319797 1.428571 1.529412 1.666667
27 1.156317 1.197339 1.310680 1.417323 1.516854 1.646341
28 1.152263 1.191489 1.305361 1.407035 1.505376 1.632653
29 1.148515 1.188524 1.297539 1.397590 1.494845 1.615599
30 1.145038 1.185771 1.290323 1.388889 1.481.481 1.600000

Multiply factors of this table by estimated mean time between failures for
the upper :onfidence limit.

For f > 30: upper factor X 2f
2-. , 2f
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TABLE B-22

EIXONENTIAL FU•CTION: X

x 0 1 2 3 4 5 6 7 8 9

.00 1.0000 .9990 .9980 .9970 .9960 .9950 .9940 .99?0 .9920 .9910

.01 .9900 .9890 .9980 .9870 .9860 .9851 .9841 .9831 .9821 .9811

.02 .9802 .9792 .9782 .9773 .9763 .9753 .9743 .9734 .9724 .9714

.03 .9704 .9695 .9685 .9675 .9665 .9656 .9646 .9637 .9627 .9618

.04 .9608 .9598 .9589 .9579 .9570 .9560 .9550 .9541 .9531 .9522

.05 .9512 .9503 .9493 .9484 .9474 .9465 .9455 .9446 .9436 .9427

.06 .9418 .9408 .9399 .9389 .9380 .9371 .9361 .9352 .9343 .9333

.07 .9324 .9315 .9305 .9296 .9287 .9277 .9268 .9259 .9250 .9240

.08 .9231 .9222 .9213 .9204 .9194 .9185 .9176 .9167 .9158 .9148

.09 .9139 .9130 .9121 .9112 .9103 .9094 .9085 .9076 .9066 .9057

.10 .9048 .9039 .9030 .9021 .9012 .9003 .8994 .8985 .8976 .8967

.11 .8938 .8949 .8940 .8932 .8923 .8914 .8905 .8896 .8887 .8878

.12 .8869 .8860 .8851 .8843 .8834 .8825 .8816 .8807 .8799 .8790

.13 .8781 .8772 .8763 .8755 .8746 .8737 .8728 .8720 .8711 .8702

.14 .8694 .8685 .8676 .8668 .8659 .8650 .8642 .8633 .8624 .8616

.15 .8607 .8598 .8590 .8561 .8573 .8564 .8556 .8547 .8538 .8530

.16 .8521 .8513 .8504 .8496 .8487 .8479 .8470 .8462 .8454 .8445

.17 .8437 .8428 .8420 .8411 .8403 .8395 .8386 .8378 .8369 .8361

.18 .8353 .8344 .8336 .8328 .8319 .8311 .8303 .8294 .8286 .8278

.19 .8270 .8261 .8253 .8245 .8237 .8228 .8220 .8212 .8204 .8195

•20 .8187 .8179 .8171 .8163 .8155 .8146 .8138 .8130 .8122 .8114

.21 .8106 .8098 .8090 .8082 .8073 .8065 .8057 .8049 .8041 .8033

.22 .8025 .8017 .8009 .80U1 .7993 .7985 .7977 .7969 .7961 .7953

.23 .7945 .7937 .7929 .7922 .7914 .7906 .7898 .7890 .7882 .7874

.24 .7866 .7858 .7851 .7843 .7835 .7827 .7819 .7811 .7804 .7796

.25 .7788 .7780 .7772 .7765 .7757 .7749 .7741 .7734 .7726 .7718

.26 .7711 .7703 .7695 .7687 .7680 .7672 .7664 .7657 .7649 .7641

.27 .7634 .7626 .7619 .7611 .7603 .7596 .7588 .7581 .7573 .7565

.28 .7558 .7550 .7543 .7535 .7528 .7520 .7513 .7505 .7498 .7490

.29 .7483 .7475 .7468 .7460 .7453 .7445 .7438 .7430 .7423 .7416

.30 .7408 .7401 .7393 .7386 .7379 .7371 .7364 .7357 .7349 .7342

.31 .7334 .7327 .7320 .7312 .7305 .7298 .7291 .7283 .7276 .7269

.32 .7261 .7254 .7247 .7240 .7233 .7225 .7218 .7211 .7204 .7196

.33 .7189 .7182 .7175 .7168 .7161 .7153 .7146 .7139 .7132 .7125

.34 .7118 .7111 .7103 .7096 .7096 .7089 .7082 .7075 .7068 .7054

.35 .7047 .7040 .7033" .7026 .7019 .7012 .7005 .6998 .6991 .6983

.36 .6977 .6970 .6963 .6956 .6949 .6942 .6935 .6928 .6921 .6914

.37 .6907 .6900 .6994 .6887 .6880 .6873 .6866 .6859 .6852 .6845

.38 .6839 .6832 .6825 .6818 .6811 .6805 .6798 .6791 .6784 .6777

.39 .6771 .6764 .6757 .6750 .6744 .6737 .6730 .6723 .6717 .6710

2-130

Reproduced From
Best Available Copy


